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REPORT OF THE DIRECTOR TO THE BOARD OF 
INVESTIGATION AND COORDINATION. 


W. E. WICKENDEN. 


October 16, 1925. 
The activities of the Director since the Schenectady con- 
vention fall under two general heads, viz., the continuation of 
the European studies and the preliminary work on the pro- 
gram for the present academic year. 


EUROPEAN STUDIES. 


The writer reached England on July 2d and devoted the 
greater part of a month to further work in Great Britain. 
Visits were paid to the universities at Bristol, Birmingham 
and Oxford, which had not been previously covered. Consid- 
erable time was devoted to contacts with the industries and 
with the principal national societies of engineers. Conferences 
were held with the principal officers of the national Boards of 
Education (English and Scottish) concerned with technical 
education. Through the courtesy of Mr. Morley and Mr. 
Barnes, H. M. Inspectors of technical education for England 
and Wales, the writer was privileged to attend a part of the 
summer school for engineering teachers at Oxford, including 
three days of residence at Oriel College and affording much 
profitable fellowship with leading men in English university 
circles and with younger teachers from the local technical 
colleges. In all, this was one of the most suggestive and re- 
warding experiences of all the European studies and fully 
justified the expense in time and money involved in the return 
to Europe. The writer made an evening address to the staff 
and teachers in attendance. 

The Director is now engaged in working up a general report 
of the European studies. The address at Schenectady was 
purposely impressionistic and not intended to serve as a re- 
port. The part of it dealing with conditions in Germany 
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and certain contiguous countries appeared in the JouRNAL 
for October as one of the news-letters series, with a note indi- 
eating that it was not a formal report. It will require consid- 
erable time and work to complete the general report. 


PROGRAM FoR 1925-26. 

The Director is gratified to report that the arrangement with 
Professor Hammond as Associate Director has been extended 
until September, 1926. Professor Hammond has returned to 
his teaching duties at the Polytechnic Institute of Brooklyn, 
but with a reduced load which permits him to give a very sub- 
stantial fraction of his time to this work. The relations which 
he had established with the committees of the faculties and 
the Society have been so intimate and fruitful that it was 
obvious wisdom to have him continue to direct this side of the 
work. Accordingly, the following division of responsibility 
has been agreed upon: 

The Director will initiate and supervise: 


1. Contact with all codperating agencies outside the college 
faculties and the Society’s organization, including the 
national engineering societies, the special, local and 
regional engineering societies, the National Industrial 
Conference Board, the American Railway Engineering 
Association, the United State Bureau of Education and 
the learned societies. 

2. Contact with the educational foundations. 

3. Contact with associations of colleges and of college execu- © 
tives, 

4. Publicity of a general nature. 

5. Field visitation to colleges and local engineering societies. 

6. Continuation of the European studies from the home base. 

7. Formulation of the case for extended financial support. 

The Associate Director will initiate and supervise : 

1. Contact with the codperating committees in the colleges and 
the Society. 

2. Special projects in the colleges. 
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3. Collateral office studies and compilations, including the 
editing and publication of reports based on the work 
of the above committees. 

4. Studies with special groups of engineering graduates. 


PROGRESS OF ACTIVITIES. 


(a) With the National Engineering Societies—The Ameri- 
ean Society of Mechanical Engineers is carrying out a study of 
educational problems in its professional field, substantially 
in line with the proposals of our letter of December 1, 1924. 
The work is nearing completion and its great value is appar- 
ent. The response by the members who have been canvassed 
has been gratifying both in its extent and spirit. The A. S. 
M. E. has arranged to have Mr. John Lyle Harrington report 
upon this study at its annual meeting in December and to 
give it a prominent place at a general session. The Civil 
Engineers agreed to make a study along the lines proposed 
and delegated the project to a special committee of three, 
under the chairmanship of Dean Marston of Iowa State Col- 
ege. We have proposed a plan of execution similar to the 
one worked out with the A. 8. M. E. and believe we may hope 
to see an equally substantial piece of work accomplished. 
The Electrical Engineers referred the proposed study to its 
educational committee, under the chairmanship of Dean Har- 
old Pender. It is the intention to follow up this project along 
the same lines as with the A. 8. C. E. The Institute of Min- 
ing and Metallurgical Engineers has shown sympathetic inter- 
est but is probably not in a position to undertake a study 
involving a considerable outlay. The excellent study made 
by the Mining and Metallurgical Society in 1921 partially 
fills the present need and it is the intention to propose certain 
supplementary steps which may be carried out with little 
expense and moderate effort. 

There has been no direct contact with the councillors and 
secretaries as a group since the meeting in May, 1924. 
Changes in the secretaryships and the general development 
of our work seem to make a second meeting of this group with 
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the Board desirable at a fairly early date. All the members 
of this group have been supplied with copies of the reports 
which have been published to date. The representatives of 
the A. 8. M. E. have been actively engaged in the direction 
of the special study referred to above. The uneven state of 
progress of the studies under the individual societies and the 
lack of completion of some other projects make it difficult to 
outline agenda for a general conference of this group. The 
intention is to push the work with the individual societies and 
all collateral projects with such a conference as an objective. 

(b) With Other Engineering Societies——Assurances of co- 
éperation have been received from many societies in special 
fields. Definite returns of a valuable nature have been re- 
ceived from the American Institute of Chemical Engineers, 
the American Society of Safety Engineers, the American 
Society of Sanitary Engineering, the American Society of 
Agricultural Engineers, and the Illuminating Engineering 
Society. It is the intention to maintain friendly touch with 
this group of societies and to use them as far as practicable 
for publicity, but not to press them for more active codpera- 
tion. 

(c) With the U. 8S. Bureau of Education.—The studies of 
engineering curricula are now nearly complete and are being 
prepared for publication as unit reports, each covering a major 
engineering curriculum, in the immediate future. It has been 
decided, in conference with Dr. John and at the suggestion 
of the Bureau, to treat these studies as an integral part of 
our investigation. They will therefore appear first in the 
JOURNAL, and be reprinted as bulletins uniform with our other 
publications, under Dr. John’s signature, and subject only 
to our advisory editing. The final summaries are to cover 
between 80 and 85 institutions and will give substantially 
detailed and complete pictures of our curricula as they now 
stand. 

(d) With the National Industrial Conference Board.—The 
relations with this body appear to be cordial and satisfactory. 
Mr. Alexander intends to assemble the Joint Advisory Com- 
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mittee at an early date, to review the surveys of the five typ1- 
cal industries, viz., Paper and Pulp, Rubber, Textile, Metal 
Trades and Electrical Manufacturing, now completed, and 
to prepare the way for a comprehensive report. The manu- 
script of this report will be given a considerable circulation 
in the form of proof, in order to secure comment as a pre- 
liminary to its final publication, which is expected to termi- 
nate for the present, at least, this important collateral investi- 
gation. Mr. Alexander invites this Board to submit to the 
Advisory Committee any questions of broad interest, which 
we may wish to have considered by a joint tribunal of the 
colleges and the industries. 

(e) With the American Railway Engineering Association. 
—Mr. Ford, chairman of the committee of the said association 
which has undertaken a survey of supply and demand with 
reference to technical graduates, has been asked for some in- 
dication of their activities, but his reply is not yet at hand. 
The Director will follow this project actively. 

(f) Conference with Mr. F. P. Keppel.—Advice was sought 
from Mr. Keppel as to the form of the report of the present 
investigation and the method of its circulation. From the 
viewpoint of the ends sought by the Carnegie Corporation 
in its support of this enterprise, Mr. Keppel expressed hearty 
approval of the plan of issuing the report serially in small 
units each dealing with a specific phase of the problem. He 
advised a choice of form and mode of presentation which 
would promote a widespread circulation and use of the find- 
ings rather than a limited de luxe edition. He also indicated 
approval of the plan of including the results of important 
collateral studies, such as those of the U. S. Bureau of Edu- 
cation, in the serial reports. He raised no objection to the 
placing on each unit of nominal price sufficient to cover the 
mechanical! cost of its reproduction. 

(g) Field visitation—The Director addressed the Annual 
Meeting of the American Institute of Electrical Engineers 
at Saratoga on June 25th and the Pittsburgh section of the 
same society on October 12th. In connection with the latter 
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oceasion, conferences were held with groups of engineers and 
executives at the Westinghouse Electric and Manufacturing 
Company and with the Chancellor and deans of the Univer- 
sity of Pittsburgh. The Director will represent the Society 
at the inauguration of President Earle of the Worcester 
Polytechnic Institute on October 22d. Invitations have been 
received and are now pending to address local engineering 
societies and sections at Baltimore and Schenectady. An 
extended tour of colleges and urban centers in the Southern, 
Southwestern, Rocky Mountain and Pacific states is planned 
for the early part of 1926, in order to fulfill all promises out- 
standing and complete a well balanced round of direct con- 
tacts with the colleges and local professional societies. 








REPORT OF THE ASSOCIATE DIRECTOR TO THE 
BOARD OF INVESTIGATION AND 
COORDINATION. 


H. P. HAMMOND. 


October 16, 1925. 

This report covers the period from June 15 to October 15, 
1925. It will be divided into three parts: first, work done 
on projects which were in progress at the time of the Schenec- 
tady meeting; second, work undertaken since that time; and 
third, plans for the coming year. 

I. At the time of the Schenectady meeting certain parts of 
the program of last year had not been entirely completed. 
With the exception of one project, that relating to the services 
and facilities of the colleges, this work has now been brought 
to completion. Some additional analyses of earnings of teach- 
ers have been prepared and are ready for publication. The 
division of teaching loads among instructors of various ranks 
has been studied and a supplementary report prepared and 
submitted to the Committee on Teaching Personnel. The 
salaries of graduates have been recomputed by a more accurate 
method. Reports have been received from a number of col- 
leges and the results added to those previously available, thus 
giving a more representative sampling of data. All of this 
material has been prepared for the October and November 
issues of the JoURNAL and will be sent to the printer not later 
than October 19. 

Reports are coming in slowly in the study of services and 
facilities. They are being received steadily, however, and this 
project will probably be ready for submission to the Commit- 
tee of the Society which is sponsoring it by the end of the 
calendar year. 

The study of a particular group of graduates of electrical 
engineering, undertaken by the Eta Kappa Nu Fraternity, 
has been completed and the results delivered to us by the 
Fraternity. They have not as yet been prepared in a form 
for publication, but a conference will be held with officers of 
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the Fraternity in the near friars and a plan for publication 
will be agreed upon. 

It may be said that the program of last year has been carried 
through to substantial and very satisfactory completion and 
that all of the material gathered will be in the hands of the 
colleges not later than January, 1926. 

II. Since the Schenectady meeting the most important work 
undertaken and carried through to a state approaching com- 
pletion is the study carried out with the codperation of the 
American Society of Mechanical Engineers. Mention was 
made of this study at the last meeting of the Board. It con- 
sists essentially of a questionnaire canvass of 500 of the lead- 
ing members of the profession for the purpose of obtaining 
their views on a number of the most fundamental problems 
of education in mechanical engineering ; and a statistical anal- 
ysis of types of work, positions, education, and other facts 
regarding a representative sampling of the entire membership 
of the Society. Mr. W. L. Durand has been in responsible 
charge of this work and Mr. F. W. Ming, of the Polytechnic 
Institute of Brooklyn, has carried on the work. Returns have 
been received from approximately 50 per cent. of the men 
canvassed and a number of very favorable comments on the 
study have been made by members of the Society. This part 
of the investigation was turned over to Mr. Wickenden upon 
his return from Europe. 

A second project undertaken (but not completed) during 
the summer is the preparation of an inclusive classified list 
of institutions in the United States and Canada which offer 
engineering courses. The preparation of this list has been 
attended with many difficulties, some of which were not antici- 
pated. We find that there are a considerable number of 
institutions which defy classification. Some of them are es- 
sentially proprietary schools several of which offer degrees 
in engineering. Some are of the vocational type. Others 
are apparently of less than college grade in the generally ac- 
cepted meaning of the term. The list which has been pre- 
pared to date is for our own office use only. 

The third study which is under way is the preparation of a 
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schedule of agencies in the several states for the accrediting 

of secondary schools, a tabulation of required curricula in 

approved secondary schools, and a list giving recommended 
curricula for students who are preparing for college. Some 
material on these points was found in publications of the 

United State Bureau of Education but it was not in such form 

as to be useful to us. 

III. Plans for the Ensuing Year.—Preliminary to the work 
of the present year by agencies in the colleges, the institutions 
which were affiliated with the undertaking last year have been 
asked to reappoint their codperative committees. Institutions 
which were not actively associated with the work last year 
have been invited to appoint committees or to designate indi- 
viduals with whom correspondence may be conducted. All 
of the institutions which offer degrees in engineering courses 
in the United States and Canada have thus been invited to 
participate in this year’s work. Up to the present 103 insti- 
tutions have officially signified their intention of codperating 
actively this year, including 15 not affiliated last year. No 
accurate comparison with the number of institutions affiliated 
last year at a corresponding date can be made, but the number 
this year is known to be considerably greater than last. 

While all parts of the program for this year have not been 
worked out in detail, the following projects have been selected 
and with the Board’s approval, will be submitted to the col- 
leges. 

1. A study of the data which were presented last spring. 

All of the faculty committees will be invited to par- 
ticipate in the study according to a definitely organized 
procedure, as per copy of a circular letter attached 
hereto. This letter is now being forwarded to commit- 
tees as fast as they are organized, since the matter was 
discussed rather fully and approval of the plan voiced 
at the Schenectady meeting. 

2. A further and more intensive study of the data and the 
preparation of conclusions and recommendations by 
the four committees of the Society which sponsored 

projects last year. 
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3. A canvass of opinion of committees and members of the 
Society upon the fundamental principles underlying 
the organizations, scope, and content of curricula. 

4. A study of degrees granted in engineering courses. 

5. A study of the place of modern languages in engineering 
curricula, 

6. A study of the teaching of economies and of the application 
of economic principles in engineering courses. 

7. A continuation of the placement examination project for 
the purpose of establishing fundamental facts regard- 
ing the extent and quality of preparation for engineer- 
ing courses. 

The placement examinations are being given in 66 
institutions this year, including 41 which offer engi- 
neering courses. But 9 gave the tests last year. 

8. A continuation of the diagnostic study of cases of impend- 
ing failure. 

A circular letter has been forwarded to the presi- 
dents or deans of 20 institutions, inviting participation 
in this study. Several! of them have the matter under 
advisement, and Purdue, the University of Iowa, the 
University of Minnesota, the Carnegie Institute of 
Technology, and Yale have agreed to undertake the 
study. 

9. A study of codperative engineering courses. 

This study has been undertaken by the faculty com- 
mittee at the Polytechnic Institute of Brooklyn. 


VIsITs. 


Since the last meeting of the Board, visits have been made 
to the Summer Conference for Engineering Teachers at the 
Westinghouse Electric and Manufacturing Company, the Bell 
Telephone System Educational Conference on Mechanical 
Engineering, and to the Fall Meeting of the New England 
Section of this Society at Norwich University. Each of these 
meetings was addressed. Two of the papers presented have 
been printed. 














MEETING OF THE DIVISION OF DEANS AND ADMIN- 
ISTRATIVE OFFICERS, UNION COLLEGE, SCHE- 
NECTADY, JUNE 17, 1925. 


The meeting was called to order at 10:00 A.M. by Dean A. 
A. Potter, Purdue University, President of the Society for 
the Promotion of Engineering Education, who introduced the 
chairman of the division, Dean H. 8. Boardman, University 
of Maine. 

Professor H. P. Hammond, Associate Director of Investi- 
gation, read the following paper: 


The substance of most of the remarks I might make on the 
topic of this meeting is contained in the reports which will be 
presented by Committees of this Society tomorrow. It does 
not seem advisable to anticipate any of the matters covered by 
those reports by giving now any of the data on which they 
are based. However, since those present are the ones charged 
with the administration of matters relating to students and 
teachers, it may be proper for me to give, quite informally, 
some of the impressions formed this year in visiting a consid- 
erable number of institutions and to call attention especially, 
though only in a general way, to some of the matters which 
will be developed much more fully tomorrow. 

In visiting the institutions and talking with their deans 
and faculties it is apparent that increasing recognition is being 
given to problems of personnel; that these matters are being 
recognized more and more as important elements in the admin- 
istration of engineering colleges. I rather hesitate to use the 
term ‘‘personnel’’ since it has connotations of a character 
which I do not especially wish to emphasize. It may be better 
to say that the institutions are giving more and more attention 
to individuals and to systematic means of dealing with their 
problems. 

As illustrations: Freshman Week, which was started at 
the University of Maine two years ago with the purpose of 
giving the entering students the right sort of start in college, 
is being adopted widely throughout the country, either along 
much the same lines as those in use at Maine or wiith modifi- 
cations to suit the general plan to local conditions. The value 
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of this idea seems to be proved quite clearly by the rapidity 
of its adoption. , 

Orientation courses for freshmen are now given in a con- 
siderable number of colleges. Many of them are planned very 
carefully and conducted admirably. I have been much im- 
pressed with a report which we have received from the Com- 
mittee at the University of Nebraska giving an outline of their 
course for freshmen. 

What might be termed the ‘‘motivation’’ of engineering 
students is also receiving increased attention. The general 
purpose seems to be to give the student early in his course 
some familiarity with engineering problems and engineering 
methods. To this end a number of institutions are offering en- 
gineering problems courses. Others are giving elementary 
training in shops and laboratories. The plans in use at lowa 
State College, Tufts College, the University of Washington, 
and Cornell are especially interesting. It seems to be the 
belief in these institutions that the work of the first two years 
of engineering courses does little to arouse and maintain the 
student’s interest or to give him anything of the flavor of en- 
gineering work. Possibly the thought is to satisfy the desire 
of students to do something which seems like actual engineer- 
ing. 

Another matter to which the colleges are turning their at- 
tention is that of providing information, and even advice, to 
high school boys at about the time they form decisions to go 
to college and to follow a particular career. This matter has 
received attention in the studies conducted under the spon- 
sorship of the Committee on Students and Graduates. One 
quite significant fact develops from these studies. It is that 
a majority of students who enter engineering courses form 
the decision to do so before they enter the last year of high 
school. Many of the measures taken by the colleges thus far 
to assist high school boys in forming their decisions have been 
delayed until just before graduation. It is apparent that 
this is too late. Our office has collected samples of the litera- 
ture distributed by engineering colleges to high school boys. 
A great deal of the literature is excellent, though I have won- 
dered whether the various booklets are so voluminous as pos- 
sibly to defeat their purpose. Some of these booklets are 
small text books or treatises on engineering education. I have 
wondered whether if I were a high school boy I would be in- 
clined to take the time needed to read them. Carefully pre- 
pared career bulletins are needed to insure that properly 
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qualified high school graduates will consider engineering as a 
eareer. Can the Society do this? 

Several of the institutions are taking more active steps to 
coéperate with the principals and teachers, endeavoring to 
give them some knowledge of engineering education and a 
better understanding of the type of preparation which should 
precede an engineering course. Some institutions are sending 
members of the faculty to the high schools to address the stu- 
dents and to give them reliable information upon which to 
base a decision to study engineering. In a number of cases 
arrangements have been made for these engineering teachers 
to talk individually with students. 

I should like to read a portion of a letter which I received 
the other day from Professor Wood of Pennsylvania State 
College. It brings out several important points: 

‘* About two weeks ago I spent a day at Altoona speaking 
to and interviewing high school students. I talked with 
about fifty boys, answering many questions concerning en- 
gineering and tried to give them such guidance as was pos- 
sible. The following stood out as interesting reflections in 
connection with this visit. 

‘*1, Only an experienced engineer or engineering teacher 
can give boys of inquiring minds an answer to their ques- 
tions in engineering. I do not think this should be dele- 
gated to the average high school principal or to a college 
teacher other than an engineer. 

‘*2. The questions raised by boys of the three upper 
classes in high school indicated that they were thinking care- 
fully on this whole question and that they really needed 
guidance. 

“3. We have a list of the boys who were interviewed and 
I shall watch with interest the results during the next year 
or two. 

‘*4, Care should be taken that the main purpose of such 
a visit is clearly understood. It should not bear any of the 
ear marks of propaganda for either engineering as a whole 
or for any particular department and the faculty member 
should be thoroughly familiar with the work of any of the 
departments in the school or college of engineering. 

‘In stating the above I am emphasizing again the im- 
portance of this kind of contact and knowing your interest 
in these matters I have thought it well to make the above 
brief statement.’ 

Another problem which the engineering colleges appear to 
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be studying to an increasing extent is that of the placement of 
graduates in suitable positions in industry. Our studies dis- 
closed that nearly one half of the graduates obtained their 
first positions through the agency of the colleges or the direct 
solicitation of employers. About one sixth more obtained 
positions through contacts formed prior to graduation and 
these may have been in part, at least, through the agency of 
the college or members of the faculty. I have been much im- 
pressed with the methods used at Purdue to fit the graduate to 
the job. A number of other institutions are taking somewhat 
similar measures. It appears to be the purpose to put this 
matter on a very much more systematic and satisfactory basis. 

There is one impression which I have gathered in visiting 
fifty or more institutions east of the Rocky Mountains which 
I think may be worth mentioning: It has to do with house- 
keeping. If I remember correctly a session of this Division 
was devoted to that topic two years ago. It seems to me to 
be a very important matter. I remember very vividly my 
own impressions in my freshman year at college, when we were 
housed in dingy old quarters in College Hall. The contrasts 
presented in the various institutions are very striking. I do 
not mean by this that it is always the newest and most costly 
engineering buildings which produce the most favorable im- 
pressions. 

In going around I have wondered what impressions of en- 
gineering work and of engineers, students obtain from the 
condition of some of the quarters in which they do their work 
and how much their environment is conducive to clean per- 
sonal habits. I have been very much impressed with the neat- 
ness and business-like appearance and the excellent use made 
of cramped quarters in some of the colleges. In one institu- 
tion not far from Boston, for example, a surprising use of 
inadequate room has been made without in any way marring 
the appearance either of the outside or the inside of the build- 
ing. Galleries have been built, in fact I was told that they 
did not register students over six feet tall, because of danger 
of bumping their heads on the ceiling. I wonder how many 
of you have visited the engineering building at Cincinnati 
and if so, whether you were impressed as I have been with 
the possibilities of providing a proper environment for engi- 
neering students. 

One last impression, and one which I shall keep the longest, 
is that of the cordial reception which I had received in every 
institution which I visited and I wish now to thank those of 
you upon whom I called for making these visits so pleasant.’’ 
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G. C. Anthony: The speaker gave his experience in visit- 
ing high schools for the purpose of informing the students 
and the teachers concerning engineering education. ‘‘ I find 
it to be a difficult matter indeed. When I made an appeal to 
one of the largest schools they said, ‘Why, yes, you can come 
and speak about your own institution to the seniors.’’’ That 
was not what I wanted. I want especially to speak to the 
juniors in the high schools. When I got in I spoke on Tufts 
and also on other things but I did not get the class of students 
I desired. 

F. E. Turneaure: I want to add to the suggestion of Mr. 
Hammond regarding the possibility of this Society helping 
to prepare material for high schools. We have just endeav- 
ored to do that and have cleared information from other 
schools. Some are really text books on the subject and can 
be of help to high school students. Principals should wel- 
come that sort of material. Some years ago I visited some 
meeting of high school teachers when they were first introduc- 
ing manual training and their information was that it was 
sort of what we wanted for engineering. I estimated that 
was not material we want as preparation beyond a very lim- 
ited amount and what we want was mathematics, science, ete. 
High schools are confronted with problems of numbers of 
students and I am sure that as a result of that, work is not as 
good as twenty-five or thirty years ago. It appears that our 
child labor laws run up to eighteen and young people are re- 
quired to go to school one day a week. The principal cannot 
keep them out. It is hard for a young man to get a job and 
take one day a week out for school work. They do not go to, 
company schools but stock high schools. It has some influence 
on the labor and school teachers required to go with students 
of very low grade. That has some effect on qualifications for 
entrance. 

A. A. Potter: The difficulty is that the average bulletin 
issued by the National Research Council is entirely too diffi- 
eult for the average high school student to appreciate. The 
Society for the Promotion of Engineering Education could 
prepare a leaflet on engineering as a market and tell some- 
thing about the various branches of engineering and in 
plain language. There are not many of us who are qualified 
to prepare this kind of a bulletin. The Society could secure 
the information and then employ a newspaper man who can 
write easy to put this in plain language and send out such a 
bulletin under the S. P. E. E. It might do more if sent out 


by colleges. 
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With reference to addresses by engineering teachers. It is 
desirable for us to educate our presidents in order that members 
of the engineering staff may be invited to give commencement 
addresses. There is no reason why professors of engineering 
should not give addresses to high schools. On the other hand, 
the majority of our institutions suggest some one for addresses, 
professor of history or psychology. The engineering teacher 
as a commencement speaker can give an address. 

P, F. Walker: Dr. Slosson has been urging upon a certain 
man the preparation of a book giving a running review of 
engineering as developed and as it is at the present time. I 
think this material would go farther than other. We need to 
guide the high school teacher more as to the character of 
subjects which make the best preparation for engineering. 

R. L. Sackett: The subject of vocational guidance is a 
coming one in the high schools. The boys are sent to some 
one in the same trade in which he is interested and discusses 
his question with him. No arrangements for an interview 
with an engineer. The engineering profession labors under 
serious difficulties in that there are few in the small communi- 
ties to whom high school teachers would refer the students and 
from whom the boys could get sufficient conception of the 
scope of engineering. The situation will not be met by litera- 
ture. The engineering profession and the teachers of engi- 
neering see that part of their business is the verbal presenta- 
tion of the cause as well as the written. There should be a 
willingness to go out to the communities and present it to the 
students. The students are interested in getting accurate 
information and it should be student-professor conference 
rather than group conferences. 

T. U. Taylor: You cannot do that in Texas where it takes 
thirty-six hours to get from one side of the state to the other. 
A booklet must come from some central authority. Students 
make up their minds before they get to a university what they 
are going to take. I move that it is the sense of this meeting 
that this Society issue a booklet for high school students, not 
ever eight pages, the material to be prepared by a committee, 
the style of presenting it to the public turned over to some 
one who is familiar with that type of work. 

This motion was duly seconded and carried. 

M. 8. Ketchum: A booklet has been published containing 
addresses given to engineering students and sent out to high 
schools of Colorado; the value of technical education; why go 
to college? ; the making of an engineer; opportunities for the 
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engineer; and there are several others of the same type. No 
reference made to the University of Colorado. That bulletin 
has had some influence in Colorado. 

J. W. Votey: Such a booklet would have two purposes: 
First, to attract men who belong in the engineering field; 
second, to prevent men who do not belong from getting into 
that field. Too much time in the first two years is spent weed- 
ing out men who should not be in engineering. 

M. 8. Ketchum: No use for the term vocational guidance. 
Vocational information better. Men shall have desire to do 
something and keep at it. 

C. H. Mitchell: I would keep away from the word voca- 
tional. 

R. W. Goddard: The main object of this would be from 
the point of view that information is coming from a source 
without propaganda from many source. 

F. L. Bishop: It is the profession of engineering. It is 
not technical education. It is not vocational guidance of 
technical education. It is the profession of engineering. Vo- 
cational guidance should be left out. 

The word ‘‘pamphlet’’ conveys something that is of no use. 
The book should be well bound, well printed and illustrated 
in exactly the right way. The difference in cost is slight. 

Ira N. Hollis: Engineering college not school. Inspect 
every three years every high school in New England. We 
send our own men to do that and speak to them on what is 
engineering education. Supplement the pamplflet. Lectures 
on engineering education consisting of a set of moving pictures 
showing the process of securing an engineering education. De- 
mand from all over the state and not only from high schoois. 
I would suggest that the pamphlet be supplemented by mov- 
ing pictures indicating the life of a student during his four 
years in college. Pictures of your own college. If you can 
show to the teachers of high schools the value of engineering 
education and the process by which it is obtained not dwarf 
men from going into other professions, I think you have done 
a very great thing for education in this country. 

A. M. Greene, Jr.: I move that this Division extend to Dr. 
Ira N. Hollis an emeritus position in the Division of Deans and 
Administrative Officers as long as he lives. 

This motion being duly seconded was unanimously carried. 

Comfort A. Adams: Teaching can not be machine made. 
Every teacher must create his own mind. The requirements 
for the teachers are not essentially different from those of the 
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engineer. The primary requirement is that he study his 
subject and understand it thoroughly from the fundamentals 
up. Ninety-five per cent of our graduates in engineering do 
not understand their subject in a fundamental sense. They 
do not understand the words they employ. Their knowledge 
is insufficient and you can not make teachers out of them. 
The essential of a teacher is that he study what he is teach- 
ing; that he be able to build the subject from the foundation 
up, and this combined with personality he can do teaching and 
do it well. 


Session was adjourned at 12:30 P.M. 

The second session was called to order at 2:20 P.M. by 
Chairman Boardman. 

The following motion was made and unanimously carried: 
That the chairman should request the Council of the Society 
to instruct the officers to plan for a full day session without 
interference for the meeting of the Division of Deans and 
Administrative Officers at the annual meeting of 1926. 

Dean Hitchcock and Professor Magruder of Ohio State 
University discussed the status of industrial engineering, 
which resulted in a committee being appointed to take up 
this matter with the Council. 

Dean Gardner C, Anthony of Tufts brought up the follow- 
ing questions: 

(a) Is it desirable that the meeting of this Division be held 
before the regular sessions ? 

(b) Should there be a mid-year meeting? 

(c) Should there be several sectional mid-year meetings? 

After discussion, it was the sentiment that only one meet- 
ing should be held and that it should occur before the regular 
sessions of the Society. 

The following questions were discussed. (As it was not 
possible to secure stenographic services for reporting the meet- 
ing only those remarks which were presented in writing can be 
reported) : 

1. What is your attitude towards the transfer of students 
between institutions? Is it justice to deny a student admis- 
sion because of his previous failure for any cause? 
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Hugh Miller: The question of transfer students has be- 
come increasingly important in the past few years. With 
the increase in the number of college students since the war 
and the increase in restlessness produced by it, the number of 
students seeking a change of residence during the process of 
education has enormously increased. 

At George Washington University we have a large number 
of applications from such students due to local conditions. 
In the past year we admitted 230 new students in our College 
of Engineering of which twenty-five were transfer students. 
This makes a percentage of 10.9 transfer students. Many ap- 
plications were denied for reasons which will appear later. 

We accept a certain responsibility for each student when we 
permit him to enter one of our colleges. Some parents commit 
their offspring to our care as to a guardian angel hoping, if 
not expecting, that they will get all of the good possible and 
avoid all the evil during their college course ; others hope in a 
vague way that we will stand in loco parentis but realize that 
codperation between parents, students, and college authorities 
is necessary for the best results; still others, usually mature 
students, treat the college as an intellectual department store 
where they may come and buy fresh knowledge at canned 
prices. 

Our rules of scholarship and of conduct are designed to 
cover the first class principally and it is only the first and 
third classes that get into difficulty as to conduct, but scholar- 
ship trouble may arise in any of the three classes. When a 
student decides to transfer to another institution, except in 
accidental case, it is because he is disappointed in his hopes 
or else the College is disappointed in its hopes for him. It is 
usually better for a student to complete his undergraduate 
work at the institution where he first registered and this 
should be encouraged whenever possible. 

When a student is dismissed for disciplinary reasons he 
may be permitted to return at the end of a stipulated time or 
not at all. In the former case it may be considered unethical 
for another institution to admit him before the end of his 
period of suspension and in the latter case he should not be 
admitted to another institution before a considerable period 
of time has elapsed, probably two years. 

In the case of dismissal for scholarship the student should 
not be admitted to another institution under more lenient 
terms than he will be accorded him at the institution first 
attended and should then only be admitted on probation and 
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subject to the same regulations as the other students in a simi- 
lar situation. An exceptior to this rule might possibly be 
made in the case of summer schools which are maintained to 
a considerable extent for the benefit of deficient and ambitious 
students. Enrollment in a summer school might properly be 
considered as evidence of earnestness, and possibly repentance, 
on the part of the delinquent student. 

A good rule which we have recently put into effect at 
George Washington University would prevent students sus- 
pended for discipline, from acquiring credits at another insti- 
tution during the period of his suspension. 

The requirement of honorable dismissal should be rigidly 
adhered to by all institutions and when a student is dismissed 
for disciplinary reasons a complete statement of the case 
should accompany his record, stating definitely under what 
conditions, if any, the student will be permitted to return. 

In making out the transcripts of records of students, some 
institutions do not include courses for which the student has 
registered and failed or otherwise not received credit. This 
practice, of course, is objectionable as it is misleading to the 
authorities at the institution to which the student applies for 
transfer. 

Uniformity of procedure is very important in this matter 
of transfer students and it is hoped that the discussion today 
may help to bring about this desired end. 


2. Do you not consider that the college teacher should be 
more than a lecturer or drill master, and how much, if any, 
and by what means should he help in forming the character 
of the student ? 

Earl D. Hay (by letter): A majority of students if given 
a choice will choose a residence course at a college or univer- 
sity in preference to a correspondence course at the same 
institution. Why do they consider the residence course of 
greater value? Because of the opportunties offered for social 
contacts, for associations with students and faculty. The stu- 
dent can for the most part choose his student associates and 
companions but, once having selected a curriculum, his choice 
of instructors is very limited. If his instructors prove to be 
lecturers and drill masters only then as far as their contribu- 
tion to his development is concerned he may just as well have 
taken a correspondence course. 

It has been all too true that in past years there has been an 
increasing number among those who call themselves teachers 
who contend that their duty toward the student is performed 
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when they give him a thorough training in the subject matter 
of the course which they are administering. And, because of 
this tendency on the part of the instructors to shirk all other 
responsibilities the administrative officers have been endeav- 
oring to fill the gap by inaugurating advisor systems of various 
kinds, none of which has proved entirely satisfactory. Why? 
Because there is no one else on the campus who has the oppor- 
tunity of becoming acquainted with the student and his prob- 
lems as well as the teacher who is in daily contact with him. 
At most the advisor cannot see the student more often than 
once a week and because of his limited contact he is unable to 
learn much of the student’s problems without a great deal of 
questioning which most students resent. On the other hand, 
the teacher, by presenting an attitude of sympathetic under- 
standing may readily gain the confidence of the student and 
learn of his difficulties without effort. 

How true it is that most of our inspiration comes from con- 
tact with people of ideals who have accomplished something. 
The student who is interested in making a name for himself 
in a certain profession usually is led to pattern his life after 
one who is already an exponent of that profession. He nat- 
urally looks to his teacher as an example for him to emulate. 
If his teacher is not interested in the student or his activities 
but is cold and indifferent he will lose the golden opportunity 
he has as a teacher of moulding the student’s ideals for his 
profession and in developing those sterling qualities of char- 
acter which make for success. 

To be a successful teacher and all that a real teacher should 
be, the college instructor must not only handle his classroom 
instruction effectively but in addition must have a genuine 
desire to be of service to his students in all round character 
development and to develop a sympathetic attitude toward 
them and their problems. Such an instructor will not feel 
as the professor who was interested only in his research and 
who lamented that he could accomplish something if it were 
not for the students. The genuine teacher will find satisfac- 
tion in the all round growth of those under his instruction and 
in the knowledge that his students believe in him and bring 
their intimate problems to him for council. He will be moved 
in observing some following his advice because they believe in 
his leadership. Only such teachers make men of their stu- 
dents. Most of our great men can point to some sympathetic 
teacher who has had much to do with the shaping of their 
characters and the crystalizing of their ideals. 
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The above qualifications call for real character and per- 
sonality in the teacher. If he is to be a good pattern he must 
be a man of good habits, a man broad in his thinking. He 
should be a good citizen of the community, showing an interest 
in community enterprizes, taking a leading part in those things 
which affect his profession, in other words be a live citizen, 
and an active member of his professional society. He should 
take such part in the extra-curricula activities of his students 
that they may come to feel that he is interested in their work. 
He should give some of his office time to student conferences 
in order to establish as close a contact as possible with those 
who would come to him for assistance. He should be a man 
who feels that students of sound character and same view- 
points rather than of narrow professional training are his 
product. 

Such are the characteristics of genuine teachers. Instruc- 
tors who are not afraid of work which does not always show 
on the books, instructors whose motto is ‘‘Service.’’ Would 
that we might have more of them. 


3. Is the practice of suspending a man for a semester for 
low standing and failure in studies, conducive to the better- 
ment of the student, and might it not be wiser to adjust his 
program and lengthen his course provided he is college ma- 
terial ? 

P. F. Walker: My thought on this topic is as follows: If 
we can determine that a student is ‘‘college material’’ and as- 
suming that he does have this ability to do successful work, 
then there are two reasons why he might be given an en- 
forced vacation to the betterment of both himself and the 
school. One of these applies when the student is young and 
needs experience and a vision of the industrial world. When 
this is the case he should be placed with care in a job. Per- 
sonally I do this with several students every year. 

The second condition is where the student is either lazy or 
has fallen into bad habits because of his college associates. 
It is virtually a matter of discipline in this instance. It is 
frequently a real blessing to a student to compel him to stay 
out, thereby breaking his connection with ‘‘the gang.’’ A 
single semester is often enough to cause that group, assuming 
that all excepting the individual in question remain in school, 
to acquire new interests which carry them away on some tan- 
gent, so that when our individual student returns a half year 
later he finds that he is no longer with them. I have seen 
this thing going on in various instances, and know that a real 
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advantage comes to the student, provided he has a desire to 
get himself back on the right track. 

I wish to go back to the basic consideration, that of deter- 
mining whether or not the student is of ‘‘college material.’’ 
It is in this point that our system breaks down. Our rule 
is based on the supposition that failure to carry the regular 
program of study is an index of the man’s mental qualities. 
Our rules of elimination would in time really eliminate the 
man who is not able to do the work, but this method involves 
a grievous waste of time. The student would probably be 
in school one year before he would fall under the rule. That 
is the case with my own institution, where we allow one se- 
mester on probation before the temporary elimination takes 
place. After remaining out one semester he returns and 
uses One more semester, possibly two, when again he must go. 
If he stays out permanently at this time he has used up two 
or two and one half years in finding out whether or not he is 
suited to engineering work and in this time he has probably 
acquired but little which would be of benefit to him. The 
chances are that he is a discouraged young man, broken in 
spirit. 

I realize that this is the old ery, meaning simply that we 
need some way of discovering more quickly the capacities and 
needs of the human intellect. We should hold up the hands 
of those who are working on the development of tests which 
may in time take on the form of guidance in the selection of 
vocation. While we may and should criticise these endeavors, 
to bring out their weak points, our criticisms should be con- 
structive and made in the spirit of helpfulness. I do not be- 
lieve that we shall come for many years, if ever, to the point 
of absolutely refusing admission on the strength of a mental 
capacity test. However, the power of suggestion and advice 
is very strong, and most students will come gradually to the 
point where they will listen to counsel. It is not too early 
to begin to adjust our rules for elimination of students on ac- 
count of poor work to a plan of procedure which would sup- 
port a developing system of tests having in it so much of 
promise. 

To this is coupled the question of assistance to the student in 
readjusting himself to university life and influence by chang- 
ing his work. Many of us are still imposing on the student 
that which is well-nigh impossible in our insistence upon his 
making good his delinquencies in one line before permitting 
him to go into others. This is something which needs consid- 
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eration in order that it may accord with our progress in the 
study of intellectual capacity. 


4. To what extent do you lay stress upon the importance 
of engineering teachers carrying on professional work during 
the summer? 

5. To what extent is pre-registration of freshmen used at 
present ? 

6. Should an institution run a four-weeks summer school 
for the purpose of eliminating the weaker ones before formal 
registration ? 

7. What shall be done with students who, having been led 
to believe they are qualified for engineering work are unable 
to carry the required mathematics? Weed them out or give 
modified courses constructed to give them the necessary mathe- 
matical instruction? 

8. What consideration do you give the students who are 
actively engaged in any of the extra-curricula activities? 

9. Are the so-called cultural courses more effective at the 
beginning of the course than towards the close? 

10. Should any systematic method be adopted for the de- 
velopment of younger teachers? What? 

11. Should engineering curriculum be shortened to compare 
with the B.A. curriculum and an additional year provided to 
agree with the requirements for the M. A. degree? 

The election of chairman for the ensuing year resulted in 
the unanimous choice of Dean H. S. Boardman of the Univer- 
sity of Maine. 

Voted: That the program committee for the ensuing year 
shall consist of the chairman of the Division, the dean of the 
college where the next meeting is to be held and a third mem- 
ber to be selected by the first two. 

The attendance was approximately eighty-five. 


Adjourned at 5:00 P.M. 
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W. R. WHITNEY, 
Research Laboratory, General Electric Company. 


A short time ago a local newspaper printed an article urg- 
ing greater use of our new State barge canal. It pointed out 
that the canal, now little used, would be successful if such 
active attention was given the subject as the people gave a 
century ago when they built the first state canal. The con- 
cluding appeal was, ‘‘To succeed we need canal-mindedness.’’ 
It is true that if the people of this state put their whole heart 
into the effort and insisted on using the canal instead of trains 
and automobiles the result sought might be accomplished. 
That would, indeed, be ‘‘canal-mindedness.’’ 

My plea, however, is not for ‘‘canal-mindedness,’’ but for 
foresight ; not for fixity, but for change. Man advances. He 
alone is endowed with power for unlimited change. 

We look to the engineering schools for young men contin- 
ually to lead us to do better and higher things, and we feel 
that right living and doing is in reality only the highest class 
of engineering. But change means novelty and novelty calls 
for new knowledge. Therefore, I wish to ask for further 
specialization in science—an extension of the paths already 
usefully started. Born’s recent work on the Einstein theory 
begins with the words, ‘‘The World is not presented to the 
reflective mind as a finished product.’’ No matter what your 
conceptions of it, that seems true. It might be a good text 
for many sermons. The world would not seem a finished 
product even if we had infinite faith and no works. It looks 
as though the Creator had made infinities of possibility, in- 
cluding unlimited mental elasticity. ‘‘Seek and ye shall 
find’’ takes on new significance. 

Science is the foundation on which good engineering is 
built. It is organized knowledge. If you reflect a moment 
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you will see that all active engineering at any time is based 
on the sum of science at the time, but it depends uniquely on 
the. newest portions. No engineering is exactly like any 
previous work. Repeating work is called manufacture. 
Every good engineer has always been an individual, and each 
one builds anew on the recent foundations of the others. 
Manufacturing is the hand work of which engineering is the 
head work. 

Nations have in the past given different degrees of atten- 
tion to the advancement of science, though all share the re- 
sults. The time has not come to forget national pride, and 
Americans should not look to foreign countries for more than 
part of the contributions to new truth. 

Everywhere in Nature we see specialization, adaptation, 
new combinations, and continual change. With us the aim 
should continue to be amelioration. With changing environ- 
ment the lowest type of life, the amoeba, extends a new arm, 
and, if the test warrants it, produces a new stomach at a 
moment’s notice. We may also always extend a new arm, 
and may be ready for new mental food, at least. 

In former times it was possible for one man to know, use, 
and extend all branches of knowledge. To-day it is impos- 
sible. We think of Cellini, Da Vinci, and Angelo as all- 
round scientists and engineers, but to-day the separate fields 
extend so far from the common ken that individuals must 
spend their lifetimes at very remote points. Fortunately, the 
horizon seems as wide viewed from one point as from another, 
and he is frequently best rewarded who is farthest from the 
rest. 

Perhaps we have not openly admitted the desirability of 
high specialization. We hear a great deal about well rounded 
men, of men who are engineers and who also succeed in 
politics, for example. I am hoping, however, for less of the 
average and more of the highest quality, and it does not seem 
to me that one man in his life can now play successfully many 
more than the parts enumerated by Shakespeare. At least I 
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think it can be said of our average student that he should 
know and do some one thing well. 

Not long ago such things as sound, light, and heat were un- 
related and limited sensations which we could hardly define, 
much less expand. We thought of force as something inher- 
ent in matter, and matter, in turn, as composed of seventy or 
eighty separately created different things called elements. 
Now we see the elements as electrical systems. Our concep- 
tions are forever being changed. These changes are along the 
the paths of truth and light, and each change opens up new 
paths of service. 

Building on the knowledge of their time, research men must 
extend that knowledge. This calls for the best trained minds 
and hands. It demands differences in men rather than 
similarities, specialization instead of standardization. The 
man who did most to show us that the world is not flat was a 
specialist. The one who proved that the earth was not the 
center of the universe differed from others. The one who 
showed the need for elliptical orbits in the heavens added 
new knowledge, and to-day we find a similar small group of 
scientists who analyze our atoms, construct first circular, and 
then elliptical orbits in them, and bring a new kind of order to 
the interpretation of matter, our knowledge of chemistry, and 
our understanding of radiation and light. 

How all such work expands our vision and adds to our 
happiness can only be hinted at here. Not so very long ago 
we only knew what may be called a single octave of light. It 
was as though we knew a sound-octave on some particular 
piano, and were deaf to all the rest and to all other musical 
instruments. Just as in the case of sound, where we know 
that there is an infinite range of possibilities, so now with 
light, we learn a continuous musical scale, from the shortest 
waves of the decaying element, radium, through the octaves 
of X-rays, ultraviolet, visible light, infra red, long thermal 
waves, and, finally, the modern wireless waves. Only one 
narrow octave was originally visible to us, but now countless 
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other octaves are available, and it is for us to look with new 
kinds of eyes. We can develop these appreciative eyes just 
about as other eyes are developed, through the light. If we 
stop looking, we may lose what we already have, as proved by 
the blind fish in caves, for example. But it is more interest- 
ing to speculate on what may still be made available to us to 
which we may adapt ourselves. That is infinite. Almost any 
substance or apparatus of our complex civilization shows con- 
tinually the marks of the specialist. He always appears as 
one particular individual, learning something new and pass- 
ing it along to others. It may be an apparently minor fact, 
and yet produce what we later call a necessity. Sugar, for 
example, might occur to the chemist, yeast interest a Pasteur 
or a biologist, peas and heredity some Mendel. 

The development of chemical engineering and research is 
much too long to record, but consider some of the results. 
The universities of Germany within one generation trained 
hundreds of specialists in chemistry. About sixty years ago 
one of them established in Union College the first American 
agricultural chemical laboratory. Now every state has one 
ormore. Asa part of the university system each student had 
to specialize in some subject and make an independent con- 
tribution to science. On this subject the student usually spent 
two or more years of hard work. There were hundreds of 
chemical researches carried on yearly by young men who were 
specializing in a scientific field with the sole aim of disclosing 
something new, or of contributing to our knowledge of the 
structure of the atom, particularly of organic compounds. It 
was this work which contributed to almost every industry 
in the world, produced medicines and countless useful ma- 
terials. These are merely a by-product of a direct search for 
new chemical truth. That the knowledge of the structure of 
sugars was a part of the general result is no accident. It 
was also natural that the great indigo product of England 
and India should be displaced by more easily obtained syn- 
thetic indigo, which also resulted from these researches. 
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Countless new dyes were produced. It was also not strange 
that new compounds for medicine came into use by the score. 
Men had sought to know chemistry, and, finding new sub- 
stances, their uses followed. That this particular process 
continues to bear fruit is shown by the present state of wood 
alcohol. Until last month it was a profitable business to make 
wood alcohol from American hard wood by distillation, but 
even that apparently cheap process has just been superseded 
by the direct production of this aleohol from coal and water. 
To-day foreign methanol (the pure wood alcohol) is sold 
cheaper in America than our crude process can produce it. 

I do not want to point out that without specialization you 
cannot have cheap alcohol, but that, by specialization, you 
tend to produce a state in which anything you can want may 
be produced, even if it be only the satisfaction of extended 
knowledge. Experience has also shown that many things not 
wanted when discovered usually later become indispensable 
to happiness. 

While our grandfathers were tilling the soil, making their 
tools and shoes, wagons, harness, and grinding a healthy body 
into a bent and worn frame at early middle life, the wives 
mixed and baked the bread, spun the flax and wool, made the 
cloth and clothes, wove the carpet, preserved the meat and 
canned the fruits, poured the candles, leached the ashes and 
boiled the soap. Simple, physical needs predominated and 
education was difficult. ; 

Is this picture of the man with the hoe over-drawn? No! 
The farther we look backward the more crude, elementary 
and hard seem the conditions. The mind grows slowly. My 
grandparents did all the things I have enumerated. But 
most women to-day have their bread, their carpets, their cloth 
and shoes delivered at their doors, in finished state. They 
even sweep the carpet by proxy, or electricity. They extract 
from countless packages, tin cans, glass jars, bottles, etc., more 
kinds of foods and drinks than their ancestors dreamed of, 
and these are all the by-products of specialization. 
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If this is along the wrong road, if the older, simpler, more 
severe and less liberal times seem better to some, it is prob- 
ably because we have not kept pace in developing ourselves 
mentally and spiritually while this amelioration was being 
provided. With countless fields, each developing truth and 
applications of it, and with contributions daily made by most 
civilized countries, it is obvious that cross-connections, or 
truth alliances, may forever increase, but this will demand 
specialists. For example, the electrical engineer may be re- 
mote in his specialty from the study of nerves as conductors 
in the human system, but there must be bio-electricians to fill 
the gap. Such men are of the type that, a century ago, gave 
us the man with the hoe. I think it is better so. 

This question of specialization in education is one in which 
I would pose not as expert, but rather as witness; not as 
judge, but as advocate. Consider an example. In some of 
our best engineering schools and colleges there are a few men 
now extending the knowledge and uses of X-rays. Gradually, 
students, realizing that such new work is interesting, are 
taking theses in this field and adding to its knowledge. 
Theirs is usually some problem in atomic structure, studies in 
the new spectral analysis, or in methods of measurement of 
small dimensions, like the actual spacing of atoms in crystals 
—all novelties. Some of these students will probably never 
stop working on X-rays. They themselves will perhaps be 
the first to see the service which they are performing, but later 
others will see it, and their life time will be all too short for 
what they want to do. The field expands and seems always 
larger as one proceeds. Is it wise thus to let them start to 
specialize in school? I think the answer is yes. 

To me as a chemist the conditions are plain. I have lived 
them. When I studied chemistry it seemed largely mechani- 
cal work. One was taught to analyze everything and to do 
this with commercially necessary accuracy. Iron and steel, 
cement and foods, must be analyzed, and a man with a hoe 
can serve in that field if he will only stand and wait. But 
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chemistry is not alone analysis. A much more interesting 
part is synthesis. Moreover, while the past may be said to 
have determined what has to be analyzed, the present may 
decide what is worth while making, and the one is finite, the 
other infinite. This is not a diatribe against analytical 
chemistry. It is interesting and indispensable. But there 
can be added to it in schools a great deal of the constructive 
spirit of one of our grandest sciences. This specialization 
was at first unfortunately called theoretical chemistry. It is 
for this reason that I am glad to see such new additional spe- 
cialities as colloid chemistry, biochemistry, etc., introduced 
into American schools. Such branches encourage thought 
rather than skillful mechanical repetition; they train the 
mind as well as the hands. 

We are probably not widely advanced from the American 
Indian stage of appreciation of the universe when we consider 
the distance man must still advance. We think the flat earth 
of the past is now round, and we understand that people live 
at the antipodes with their feet sticking up. Certainly there 
were old men in those days who successfully ridiculed such 
an entirely perverse world. The Indian, driven from place to 
place in search of food, reducing the future supply with every 
animal he killed, would still see sacrilege in the white man’s 
stopping laughing waters and stealing their strength in 
trenches and dark tunnels. He would say that we have 
robbed the water of its spirit. But the spirit of the water is 
an eternal spirit. It always says, Seek, try me. The earliest 
wasteful fertilizing ditches gave man food and promised 
further increase with every trial. The promise matured, but 
to-day the process is still really only begun. The Indian 
could now see every kind of work which he knew and thou- 
sands of which he never dreamed done by this spirit of the 
water. It would warm him when cold and fan him when 
heated. It would light his way at night, cultivate his land, 
make his guns and tools, transport him from place to place, 
and tell him in words and show him in pictures what the rest 
of the world is doing. 
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Doubtless there are Indians who do not want to see change, 
but they are dead Indians. So there may be white men, in 
some respects alive, who would select their particular little 
shelf to set the limit of Nature’s worth-while books. Fortu- 
nately, there is ever in youth the spirit of quest and in Na- 
ture the boundless promise. 

It is not difficult to see in all change an upward seeking, 
merely the extension of the will to help one another, that is 
to be differentiated from pure ego. Call it gregariousness if 
you will. We began originally to speak to one another for 
the same purpose that we still seek new possibilities of Na- 
ture—for emelioration. And it seems as though greater 
amelioration calls for continued specialization. 
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HOW INDUSTRY CAN COOPERATE WITH ENGINEER- 
ING COLLEGES IN FURTHERING RESEARCH. 


BY R. A. SEATON, 
Kansas State Agricultural College. 


One of the recognized functions of institutions of higher 
learning is investigation and search for new truths and rela- 
tionships, commonly designated as research. In colleges of 
liberal arts and science, it has long been the custom for many 
of the faculty members to devote much of their time to this 
kind of work, and a very large part of the world’s progress in 
recent times in scientific knowledge and scientific thought has 
been due to such research on the part of members of the college 
faculties. Such research work is firmly established and now 
needs no argument as to its value. 

With the establishment of the Land Grant Colleges in the 
several states, an acute need was felt for the accumulation of 
accurate data and for the determination of fundamental laws 
and relationships between factors affecting agricultural de- 
velopment and prosperity. Through federal grants and ap- 
propriations by the several states, agricultural experiment 
stations were established in each of the states and have been 
successfully functioning for many years. A very large 
amount of work has been done and is still being carried on by 
these stations. No one familiar with their work questions the 
fact that they have been of very great economic value to the 
country, adding to the wealth of the nation many times the 
cost of maintaining the stations. 

Some engineering and industrial research has been carried 
on in the colleges and universities of this country since engi- 
neering instruction was first given. This work has been rela- 
tively slower, however, in becoming well established than in- 
vestigation in pure science, or in agriculture. For many years 
it was almost entirely unorganized and was done chiefly upon 
14 205 
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the initiative of individual members of the faculties. Under 
these conditions, the work made comparatively little headway, 
although some results of real value were secured. 

The first engineering experiment station was established at 
the University of Illinois late in 1903 for the purpose of defi- 
nitely organizing and putting upon a more satisfactory basis, 
the engineering research being carried on in this institution. 
A few months later, a similar station was established at the 
Iowa State College. In the next ten years, engineering experi- 
ment stations were organized at Pennsylvania State College, 
University of Missouri, University of Kansas, Kansas State 
Agricultural College, The State University of Ohio, Texas 
A. & M. College, University of Wisconsin, and perhaps in a 
few other institutions. It is notable that many of those insti- 
tutions having strong agricultural experiment stations were 
among the first to recognize the importance of organizing their 
engineering and industrial experimental work into engineering 
experiment stations. The success which has attended the work 
of these earlier stations has fully justified the belief that well 
organized engineering experiment stations can render a service 
to the engineering and industrial interests in the country com- 
parable with the service being rendered to the agricultural 
interests by the agricultural experiment stations. 

In the last decade the organizations of additional engineer- 
ing experiment stations in the various colleges and universities 
has proceeded rapidly. At the present time, there are engi- 
neering experiment stations or similar organizations in the 
Land Grant Colleges of twenty-nine states, and also in a 
number of separate state universities and privately endowed 
engineering colleges. The amount of work being done in these 
engineering experiment stations and engineering research divi- 
sions has been increasing rapidly in the last few years. The 
report for the year 1921 of the Engineering Experiment Sta- 
tion Committee of the Land Grant College Association showed 
that the funds available that year for engineering research in 
colleges of the Association were $318,760, that 53 full-time and 
824 part-time staff members were employed upon research 
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work and a total of 400 engineering research bulletins had 
been issued. The report for last November, three years later, 
showed the research funds available as $663,456, with 110 
full-time staff members, 358 part-time staff members, and a 
total of 503 engineering research bulletins issued. In the last 
three years, then, the total funds available annually for this 
work in the Land Grant Colleges and the number of full-time 
staff members employed have more than doubled, and during 
this period more than 100 engineering research bulletins have 
been issued. It should be kept in mind that many of the 
stations have only recently been organized and have not yet 
had time to get their program of research work well under 
way. The data submitted, however, are sufficient to show that 
an extensive program of engineering research is now an estab- 
lished policy in the Land Grant Colleges and that the work is 
making rapid progress. A four story Engineering Experi- 
ment Station Building is now under construction at Ohio State 
University, and the work at other institutions has grown to 
such an extent that additional space must be provided for it. 

No statistics are available to the writer as to the amount of 
engineering research being carried on at other colleges, except 
at the Mellon Institute which is connected with the University 
of Pittsburgh. The 12th annual report of this Institute shows 
that for the fiscal year ending February 28, 1925, ‘‘54 indus- 
trial fellowships were in operation, employing 91 research 
chemists and engineers. The sum of $473,250 was contributed 
in support of this work by the industrial fellowship donors. 
.. . The total amount of money donated by industrial firms 
and associations to the Institute for the fourteen years, ending 
February 28, 1925, was $3,192,353. During the same period 
the Institute itself expended approximately $500,000 in de- 
fraying certain overhead expenses in the operation of the fel- 
lowships.’’ If figures were available on the amount of engi- 
neering research being carried on in the other educational in- 
stitutions of the country, these would undoubtedly swell the 
total by a very considerable amount. 

There has been much discussion in the past as to whether 
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engineering and industrial research should be carried on in 
colleges and universities or whether this work should be left 
to commercial and industrial laboratories. While there is 
doubtless much work of such character that it can best be done 
in industrial and commercial laboratories, yet the writer is full 
convinced that after due allowance has been made for this 
type of work, there is a very large amount of engineering and 
industrial research of great economic importance which can 
best be carried on in colleges and universities. The recent 
rapid growth in the amount of research work being so done 
indicates that this belief is becoming widespread. 

It is of the greatest importance that there should be close 
codperation between the industries and the colleges doing 
engineering and industrial research work, in order that this 
work shall be of the greatest economic value. Such codpera- 
tion already exists to a greater or less extent in a number of 
different ways and is rapidly being extended. 

The work at the Mellon Institute, already mentioned, is 
typical of one of these methods of codperation. Here in- 
dustrial fellowships are founded by an industry or association 
of industries interested in the solution of certain problems. 


The salaries of the research workers, special apparatus and . 


supplies, and travelling expenses are paid from the fellowship 
fund, while the Institute provides a separate laboratory, with 
such general apparatus, supplies, and reagents as the director 
considers reasonable, selects the research men and gives gen- 
eral supervision to their work. The fellows devote their full 
time, except for a small amount of teaching, to work upon the 
particular problems which they are employed to solve. The 
results of the research belong exclusively to the donors of the 
fellowships and may not be published without their approval. 

The situation is in many respects similar to what might exist 
in a large and well established commercial laboratory doing 
research work under contract for private concerns. The 
private ownership of results and the secrecy maintained dif- 
ferentiates this kind of coéperation from that carried on in 
most of the engineering experiment stations in the country. 
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Under the Mellon Institute plan the research work is being car- 
ried on primarily for the benefit of the individual, concern, or 
association financing the work, and only incidentally for the 
benefit of the general public; while most of the codperative 
research work done in the engineering colleges and univer- 
sities is done primarily for the benefit of the general public, 
and only incidentally for the benefit of certain individuals or 
groups. There is no sharp line of demarcation, however, be- 
tween the two methods. During the calendar year 1924, there 
were published by the institutional membership of Mellon In- 
stitute ‘‘1 book, 9 bulletins, 35 research reports, and 95 other 
scientific and technical papers’’* so that much publicity is 
given to this work; and on the other hand, some of the results 
of the researches carried on by engineering experiment sta- 
tions are of much special value to certain individuals or 
groups. 

Some examples of financial help recently given by indus- 
tries to engineering colleges and universities investigating 
problems of special concern to them, may be of interest. 

At the Engineering Experiment Station of the University 
of Illinois an investigation of the ‘‘Fatigue of Metals’’ has 
been carried on for about six years under the general super- 
vision of a committee of the Division of Engineering and 
Industrial Research of the National Research Council. Other 
coéperators, who have contributed in all more than $90,000 
for meeting the expense of the investigation, include Engi- 
neering Foundation, The Allis-Chalmers Manufacturing Com- 
pany, The Copper and Brass Research Association, The Gen- 
eral Electric Company, and The Western Electric Company. 
No restrictions were made by the codperating agencies upon 
free publication of the results. 

The April, 1925, report of Engineering Foundation notes 
that the University of Illinois is also participating in the in- 
vestigation of Concrete Arches; the Carnegie Institute of 
Technology in a study of Mine Car Friction ; the Massachusetts 
Institute of Technology in a study of the Strength of Gear 


* Twelfth Annual Report. 
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Teeth; the University of California, the California Institute 
of Technology and the Massachusetts Institute of Technology 
in An Arch Dam Investigation; Union College in the investi- 
gation of Electric Arc Welding; Harvard University and the 
Massachusetts Institute of Technology in research upon the 
Properties of Steam; and the University of Florida, Univer- 
sity of North Dakota, and University of Washington in the 
Wood Finishing Investigation; all these projects being fos- 
tered by Engineering Foundation and supported largely by 
contributions from interested industrial concerns. 

Other important codperative investigations being financed 
largely by interested companies or associations are: 

Warm Air Furnace Research at the University of Illinois, 
supported by the National Warm Air Heating and Ventilating 
Association. This investigation has been in progress for 
about seven years. Recently a three story house of ten rooms 
completely furnished so as exactly to reproduce interior con- 
ditions of a home, and equipped with a warm air furnace of 
sufficient size to heat such a building was erected at the Uni- 
versity by the Association, and will be used as a plant for an 
elaborate program of research into warm air heating and 
ventilating problems. 

Investigation of Historic Use of Ceramics in Architecture at 
the University of Illinois, supported by the Associated Tile 
Manufacturers. 

Investigation of the Embrittlement of Boiler Plate at the 
University of Illinois in codperation with the Utilities of Illi- 
nois Research Committee. 

Investigation of Welded Rail Joints at the University of 
Illinois, Purdue University, and the Bureau of Standards, in 
codperation with various railway companies. 

Investigation of Problems Related to Railway Signal Equip- 
ment at the University of Illinois in coéperation with the 
Illinois Central Railroad Company. 

Study of the Causes of Discoloration and Efflorescence in 
Indiana Limestone at Purdue University, supported by the 
Indiana Limestone Quarrymen’s Association. 
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Investigations of Air Brake Equipment at Purdue Uni- 
versity, supported by the American Railway Association. 

Study of the Heat Transmission through Celite at Purdue 
University for which the Celite Products Company has estab- 
lished a fellowship. 

Study of Absorption Materials for the recovery of gasoline 
at the West Virginia University, for which the Gasoline. Re- 
covery Corporation has established a research fellowship. 

Study of Problems of Rural Electrification, at the Kansas 
State Agricultural College, supported by the Kansas Public 
Utilities. 

Much of the work being done by the Division of Industrial 
Codperation and Research at the Massachusetts Institute of 
Technology is research work of a codperative character, which 
has in it the elements of individual, rather than public, benefit, 
and of secrecy of results, already mentioned in the discussion 
of the work at Mellon Institute. 

A complete list would include many more engineering re- 
search projects being supported in whole or in part by in- 
dustrial concerns, but the examples given are sufficient to 
indicate that such codperation exists in many different colleges, 
that it covers a wide diversity of subjects, and that the amount 
of such support is increasing rapidly. 

Several examples of research fellowships supported by the 
industries at various colleges have already been mentioned. I 
believe there should be many more such fellowships and that 
a much larger number of colleges should be included. 

A variation of the fellowship plan would be for the indus- 
tries to send back to the colleges for one or two years advanced 
study and research along some special line of value to the 
company, one or more selected young employees each year. 
This would give to the young men who are most capable of 
profiting by it, opportunity to study and secure advanced de- 
grees along their lines of special interest after they have had 
industrial training and experience, and would also give them 
training in research methods under the most favorable circum- 
stances. The companies would profit through the additional 
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training of their men in the particular lines of work in which 
they are engaged, in the solution of research problems of spe- 
cial interest to them, in having resident representatives at the 
educational institutions, who could assist in recruiting work 
and otherwise look after the companies’ interests. I believe 
the plan would be productive of much good both to the com- 
panies and to the colleges. 

There are other methods by which industries can codperate 
with colleges in furthering engineering research, which, in the 
opinion of the writer, may be even more important than 
monetary contributions for meeting the expenses of particu- 
lar projects. Much of the engineering research work which 
should be done is of a broad general character, of great value 
to the country as a whole, but not of sufficient direct value to 
any one or few industries to justify them in contributing large 
sums to its support. Further, the whole method of ‘‘ passing 
the hat’’ to secure funds for the support of engineering re- 
search is a rather unsatisfactory procedure at best. While this 
must doubtless continue until other adequate support can be 
secured, and perhaps always, for certain kinds of investiga- 
tions, yet I believe that projects of general value should be 
supported chiefly by the state and federal governments. 
Many states are now contributing to a greater or less extent 
to the support of engineering research work, but it is highly 
important that this support should be greatly increased, and 
that federal aid should be given to the engineering experiment 
stations, as has been done to agricultural experiment stations 
by the Hatch, Adams, and Purnell Acts. The development of 
the industries of the country is of no less importance to the 
general public than is the development of agriculture, and 
fundamental research contributing to industrial welfare 
should be equally supported from the public treasury. 

Several bills have been introduced into Congress providing 
for federal aid for engineering research, but these have all 
failed of passage. If the industries of the country will give 
their active united support to the next bill of this kind intro- 
duced, it may meet with a better fate. In any case, since 
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many of the stations are now receiving some support from the 
states, this support can undoubtedly be greatly increased 
through the active interest of the industries within these states. 
In at least one state, the Public Utilities Association has ap- 
pointed a committee to facilitate codperation between the As- 
sociation and the Engineering Experiment Station of the State 
University. Such a committee should be of great assistance 
in securing proper support from the state, as well as in various 
other ways. 

An active campaign to educate the public, as well as the 
legislators and governing boards, to the value of engineering 
and industrial research to the industries, and to the general 
economic welfare, might well be participated in by the indus- 
tries. Some of the recent advertisements of at least one of 
our largest manufacturing companies have stressed the impor- 
tance of engineering and scientific research. I believe such 
work is thoroughly worth while. 

Industries can also promote research in engineering colleges 
by bringing to the attention of the latter, problems of general 
interest needing investigation, and by furnishing data, giving 
access to records, and by themselves undertaking certain parts 
of college investigations which they may be better equipped to 
handle than are the college laboratories. 

In all the various kinds of codperative research work, the 
full meaning of the word ‘‘codperation’’ should be kept in 
mind. Webster defines it as ‘‘the association of a number of 
persons for their common benefit ; collective action in the pur- 
suit of common well being.’’ Codperating industries should 
not expect that their own special interests will be protected 
without regard to the general welfare, and the colleges should 
remember that industries are not primarily interested in 
research as a means of advancing knowledge, but rather as a 
means of helping them solve their particular problems, with 
special reference to increasing their profits. 

Summing up; a large amount of engineering and industrial 
research work is now being carried on in colleges and univer- 
sities, and this work is increasing at a very rapid rate. 
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Close codperation between industries and colleges doing re- 
search work is highly important. 

Industries are individually, and through their associations, 
contributing annually large sums toward the support of this 
research work, both in direct monetary contributions, and in 
the support of research fellowships. The writer believes that 
the number and distribution of such fellowships should be 
greatly increased, and suggests wide adoption of the plan of 
the temporary return of young employees of various industries 
to the colleges for such fellowships. 

Industries can be of great assistance by actively supporting 
the efforts of colleges to secure adequate state and federal aid 
for engineering research. A general campaign of education 
as to the value of engineering research to the industrial wel- 
fare of the country should be worth while. 

Industries should bring to the attention of colleges problems 
needing investigation, and should give free access to records 
and data not of a confidential character. 

The codperative research work should all be carried on in 
the spirit of mutual helpfulness, each of the parties having due 
regard for the point of view of the other. 


BY ALBERT E. WHITE. 
University of Michigan. 


President Potter has very kindly requested me to take part 
in this Symposium on Research in order that you may hear of 
the work of the Department of Engineering Research at the 
University of Michigan. 

The statement has been made that our organization differs 
from those of other state universities and is radically differ- 
ent from those at endowed schools. To a degree such may be 
the case. Yet it is our belief that our organization occupies 
a middle ground. It is a ground already occupied, however, 
by some of our state universities and some of our endowed 
schools. Because such is the case we feel we have nothing 
radically new, from an organization standpoint, to offer. 
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The Department of Engineering Research differs from 
similar departments in other state universities in that it has 
not been provided with an appropriation by the State for 
specific work in research. The appropriations granted to 
date have only been sufficient to take care of the administra- 
tive expenses of the department. It has been necessary, 
therefore, for the director to establish contacts and to procure 
funds for research. It takes time to make such contacts. It 
takes infinite patience and tact to bring about concrete sup- 
port. 

The Department of Engineering Research differs from en- 
dowed schools in that as part of a state supported University 
it must closely scrutinize its obligations to the public. It 
cannot, therefore, until after most careful thought, and in the 
minds of some it may be questionable if it should even then, 
give patent protection to its clients. On the other hand, one 
or two endowed schools have been enabled to make outstand- 
ing progress in their industrial research programs because of 
the iron-clad assurances they have given their clients with 
regard to adequate protection. One might speak of this 
phase of the subject at length. This paper will not dwell on 
it longer, however, as the primary purpose of this article is to 
describe the work of the Research Department at the Uni- 
versity of Michigan; not to discuss debatable questions with 
reference to the modus operandi. 

Those instrumental in the establishment of the Department 
saw in the University tremendous potentialities for service in 
the field of research. They recognized the unutilized value in 
her buildings, in her equipment, in her libraries and the 
hidden possibilities of her faculty. The book value of her 
buildings is 144% million dollars and of her equipment is 
51% million dollars. Michigan is fortunate in her library. 
It is the third largest college library in the country. Her 
faculty number over 500. They cover many lines and are an 
exceptionally strong body of men. 
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This paper is not written, however, to boost Michigan or to 
set her out apart from her sister institutions. The statements 
made above have been given merely to indicate the potentiali- 
ties of the University ; potentialities which exist in all univer- 
sities to a greater or a lesser degree. 

The Department is to-day functioning primarily in the 
field of applied research. Some of the outstanding researches 
of this type made possible by funds provided by individual 
concerns are—‘‘ A Study of the Laws of Natural Ventilation,’’ 
‘*A Study of Single Phase Motors,’’ ‘‘A Study of the Prop- 
erties of Charcoal Iron,’’ ‘‘The Determination of the Laws of 
Natural Illumination,’’ ‘‘The Development of a Method for 
Measuring Gear and Roller Bearing Noise,’’ ‘‘The Laws of 
Straight Line Motion in Machining’’ and numerous others. 

_ It hopes the day is not far distant when it can function in 
the field of abstract research. Reference is made to applied 
and abstract research with due appreciation that no hard or 
fast rule can be made «4 to what constitutes applied research 
and what constitutes abstract research. Both merge into one 
another. Yet, abstract research is a field which should be 
given every possible encouragement. The results obtained in 
such a field at some day, near or far, will be of value. Such 
a field seeks facts with no thought of pecuniary return. For 
that very reason it is one which should be zealously assisted. 

When first established the Department was not permitted 
to give to its clients any assurances as to patent protection. 
This viewpoint has recently undergone modification. Its 
present status is set forth in a recent ruling of the Board of 
Regents which in part reads as follows: 


Resolved, That the Board of Regents believes that all in- 
ventions of apparent merit directly resulting from investiga- 
tions conducted under the auspices of the Department of En- 
gineering Research should be patented ; and further, 

Resolved, That such patents should be taken out by and in 
the name of the inventor, and must be assigned by the in- 
ventor to the Regents of the University of Michigan; and 
further, 
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Resolved, That this Board approves of the granting of a 
license, or licenses, under such patents as it may hold, to 
manufacture and sell; and that in granting such license or 
licenses this Board considers that those have prior claims who 
have contributed financial support for the investigation which 
has made the invention possible. 

It has taken considerable time for the Department to get 
under way. Research is not like a commodity. It is not an 
easy thing to sell or to popularize. It is to a degree mystical. 
It requires persons with broad vision and explicit confidence 
in the agency to bring about tangible contacts. Many of our 
larger firms have competent, in some cases most extensive, re- 
search organizations of their own. They hesitate to add to 
their own program by supplementary work elsewhere. The 
firms which do not maintain their own research organizations 
are, for the most part, small. Most of these have yet to learn 
the value of research. The growth of a research department, 
in any university, therefore, is slow. The growth of the De- 
partment at the University of Michigan has been no excep- 
tion to this rule, though the steady progress made has been 
favorably commented upon by those familiar with research 
work. This past year the Department has been provided 
with $10,000 by the University and with approximately 
$66,000 from outside sources. About 85 persons have been 
engaged in the Department’s program—on either a full or a 
part time basis. Many of these persons were members of the 
faculty. 

In conclusion it is the writer’s judgment that research work 
at state universities should be supported both by private 
grants and by public funds. Private grants should be for 
applied research and abstract research. The public grants 
should be for administrative expenses incidental to the main- 
tenance of a research department, for the publication costs of 
technical university bulletins and for the maintenance of a 
definite research program in the fields of applied and abstract 
research. 
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BY J. B. WHITEHEAD, 
The Johns Hopkins University. 


At first sight it appears that it should not be difficult to 
point out important ways in which industry can codperate 
with schools of engineering in the furthering of research. 
For these are the two great spheres of engineering activity 
which are most deeply interested in research. 

On the one hand we have that vast aggregate of our coun- 
try’s technical industries, primarily engaged in ‘‘organizing 
and directing men’’ who control ‘‘the forces and materials of 
nature for the benefit of the human race.’’ It is obvious that 
the aims to render good public service and to obtain large 
profits in the face of commercial competition, are powerful 
incentives to the discovery of new principles and devices, to 
the uncovering of improved methods, and to the continual 
development of processes of greater and greater economy. 
The successful attainments of these ends can only be had 
through engineering research in some one of its various forms. 

On the other hand, we have in many of our universities and 
colleges all the tradition, atmosphere, personnel, and experi- 
mental equipment favorable to the training of men for re- 
search, to the prosecution of research, and to the uncovering of 
the full rewards of research. This statement is particularly 
true as applied to those institutions in which research labora- 
tories of pure and applied science operate in close relation- 
ship. The spirit of engineering research is abroad in the 
schools. If any one wishes proof, let him consult President 
Potter’s recent thoughtful articles on research, describing the 
volume of work under way in the various experiment stations, 
and let him consider the number of publications on engineer- 
ing research emanating from university and college labora- 
tories. 

Research is ‘‘sold’’ both in the industries and in the schools, 
and it would certainly appear from the intimate relationship 
of these two great fields that codperation in research should 
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be the natural consequence. One has a mental picture of the 
problems of industry being handed over to the schools for 
solution in laboratories especially equipped for research. The 
picture is suggested by the university laboratory as the birth- 
place and natural home of scientific research, and as the train- 
ing school from which all research workers must spring. But 
when we come to examine the existing state of affairs we find 
little if any realization of such an ideal picture. We find on 
the one hand industry setting up research laboratories of its 
own by the hundred, engaging its own technical and scientific 
research staffs, handling its own problems of investigation, 
and even setting up its own media for publication of the re- 
sults of research. On the other hand it must be confessed 
that we find in the engineering schools a rather meager record 
of accomplishment in research. It is true that we have in- 
spiring examples in several of the engineering experiment 
stations and here and there in the brilliant work of individual 
investigators, but in remembering the large number of exist- 
ing engineering school laboratories, it must be admitted that 
their aggregate of contributions to the present outpouring of 
the results of industrial research is distressingly small. It is 
a regrettable fact that so far as engineering research is con- 
cerned industry appears to have shown the way to the schools. 
It is only in these latter days, following the new-born and 
lively appreciation on the part of industry, of the importance 
of research, that the spirit of research has awakened in the 
schools. And if we find an occasional exceptionally active 
laboratory or a professor engaged in attacking the problems 
of industry they are exceptions rather than the rule. Co- 
operation in the sense of our ideal picture seems to be con- 
spicuous by its absence rather than by its presence. 

What is the explanation? I venture to think that it is the 
purely natural one that no school of engineering to-day has 
sufficient resources to institute and carry on research in the 
problems of industry, on the scale, and with the speed de- 
manded by the stress of commercial competition. Consider 














220 INDUSTRY AND ENGINEERING COLLEGES, 


the size of the research laboratories and technical staffs of 
some of our larger industries, perhaps the most striking ex- 
ample being that of the great company centralized here in 
Schenectady. Can one picture even the wealthiest of our 
schools of engineering maintaining a laboratory even ap- 
proaching these industrial laboratories in magnitude. In- 
deed it is to be doubted whether there is a single school of 
engineering in which there are more than one or two mem- 
bers of the staff devoting their entire time to research. One 
still hears occasionally the suggestion that the student body 
may be used for experimental investigation, and so constitute 
a large body of productive workers. Any professor who has 
engaged in original investigation will puncture this delusion 
immediately, for he knows that the progress of an original in- 
vestigation is immediately dependent on thorough knowledge, 
resourcefulness, and experimental skill, which only come after 
years of training. It is quite natural therefore that, so far as 
the actual prosecution of the work of research is concerned, 
industry should maintain their own laboratories and work in 
comparative independence of engineering schools. 

Is there then no opportunity for codperation? Here are 
two great bodies, each of them engaged in research, each of 
them doing research of importance. Can they not stand to- 
gether and mutually support each other in some way? The 
answer, I think, is undoubtedly in the affirmative. I think 
also that the particular method by which codperation is to be 
obtained is quite obvious. In a word it is that our research 
schools should devote their principal efforts to the training 
of men for research rather than to the production of a volume 
of results of research. The character of the training now 
furnished by most of our schools of engineering is not such as 
to equip their graduates for engaging in independent research. 
The industrial laboratories are calling upon the university 
laboratories of pure science for the recruiting of their ranks 
of research workers. The most productive research worker is 
the man who has been trained for research. Few, if any, of 
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our schools of engineering maintain courses of training for 
research workers. Training for research is a long and ardu- 
ous road. It means a thorough training in the fundamental 
sciences, not only in the undergraduate but into the graduate 
years. It means a knowledge of the history of these sciences 
and of their experimental development. It means'a knowl- 
edge of the current literature of these sciences, which in turn 
means a reading knowledge of at least two or three foreign 
languages. It means intensive training in methods of ex- 
periment and of the measurement of physical quantities. It 
means instruction in the methods of independent experimental 
research, and it means finally the demonstration through an 
original contribution, usually in the form of a Doctor’s dis- 
sertation, that one is capable of engaging in research. Even 
thereafter there is a period of probation and test before one 
ean qualify for the attack of important problems. It is 
doubtful whether more than two or three schools of engineer- 
ing offer training in engineering research in accordance with 
these specifications. But more significant still is the fact that 
in this work these two or three schools are receiving little or 
no support and encouragement from industry. Here I think 
is to be found the answer to the question raised in the title 
of this address. If industry could be made to see the im- 
portance of placing a premium upon the supply of a reason- 
able number of men intensively trained in graduate courses 
for engineering research, it would find an easy opportunity 
for the most stimulating type of coéperation between industry 
and the school. The schools would then be engaged in their 
proper function of the training of men for particular work, 
in this case men of the very highest calibre, and industry 
itself would obtain men more directly trained for engineering 
research. 

It is often maintained, and it must be confessed with the 
support of many brilliant examples, that men trained for re- 
search in the pure sciences meet all the requirements of in- 
dustrial research. But can we engineers admit this? The 
15 
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graduates of the physical and chemical research laboratories 
of our universities are interested first in the advance of pure 
knowledge and theory. In their training they rarely if ever 
come into contact with the applied field, and generally they 
are indifferent to, if not even contemptuous of its problems. 
On the other hand, training for research in engineering in- 
volves instruction in the handling of quantities, magnitudes, 
ranges of values, and methods of measurement and control, 
generally quite unknown in our laboratories of pure science. 
Something more than training in pure science, and certainly 
something more than normal undergraduate engineering train- 
ing, is needed for the field of engineering research. Do we 
not need men trained in both fields? Men trained in the 
complete theory of a specialty, in complete knowledge of its 
application, in the methods of scientific research, and in an 
atmosphere sympathetic to research. 

But it will be stated that granted the truth of these things, 
only a relatively small number of such highly trained re- 
search workers are required, and that therefore only a rel- 
atively small number of such schools would be necessary. 
Let me say at once that I agree with this. My plea is frankly 
that for keeping up and bettering the supply of trained re- 
search workers, as the most vital need of engineering research 
to-day, and I am leaving aside in this brief address, as less 
important, other possible methods of codperation in research 
between industry and the schools. Three or four highly de- 
veloped graduate schools, unhampered by the demands of 
large undergraduate bodies, raay be sufficient to furnish the 
full supply of men trained in research, for industry and also 
for college laboratories and experiment stations. All these 
laboratories will carry on research in better quality and 
greater quantity if such men are available. They will serve 
even better than now the splendid function of holding up the 
picture of the attraction of research to large student bodies, 
stimulating the flower of them to complete their formal train- 
ing in graduate schools, and so furnishing research workers 
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in increasing numbers. The particular point that I wish to 
make is that the sources of men properly trained for engi- 
neering research are at present not supported, in fact are 
generally neglected by industry. Those universities and col- 
leges which are conducting graduate instruction and investi- 
gation are holding aloft the lamp of a higher standard in spite 
of the indifference of industry to the importance that these 
things be supported. Let industry, while fixing its eye on 
and taking to itself the entire product of our four year engi- 
neering courses, remember that in so doing it is often divert- 
ing promising material from the graduate field. And let it 
consider carefully whether it would not be to its ultimate in- 
terest and profit, not only to encourage a few exceptional 
young men to go on to the graduate study of specialties and 
research, but even more important to encourage and to 
strengthen the schools in which the requisite facilities and 
atmosphere for these things are offered. These I consider to 
be industry’s greatest opportunities for codperating with the 
colleges in the furthering of research. 
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The development of the art and science of managing, ad- 
ministering and operating industrial and business enterprises, 
one of the significant achievements of the last quarter century, 
has naturally found expression in college courses. Because of 
the complexity of existing conditions it is not surprising that 
these show wide variations in objective, content, method and 
emphasis. By placing these features in comparison and con- 
trast at this time and before this company, it may be possible 
to draw out constructive conclusions and suggestions. This 
possibility is the reason for the presentation of this paper. 

The author has undertaken its preparation because his good 
friend, Joseph W. Roe, asked him to do so. He disclaims any 
especial qualifications for the task, but has a keen interest in 
the topic, and is gratified over the fact that material which he 
has been instrumental in organizing for publication has been 
found useful in courses such as this paper will discuss. 


Two ORIGINS. 


The professional literature of management and administra- 
tion has come from two sources: The contributions of engi- 
neers to the art and science of industrial engineering, and the 
contributions of economists, business men and bankers to the 
art and science of business. The first have been more funda- 
mental and dynamic ; the latter came later and seemingly have 
had less influence. The practice which is covered by indus- 
trial engineering courses has been developed chiefly by mech- 
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anical engineers, while that drawn into business courses has 
been the work of business executives. 

Thus two general types of curricula have developed, the 
one, a modification of older engineering courses, having as its 
basis engineering fundamentals to which have been added sub- 
jects of a management or operating nature, the other, a course 
in commerce to which has been added subjects dealing with 
administration and possibly some of an engineering nature. 

Sketching this difference in another way, the first empha- 
sizes technical, production, operating or manufacturing meth- 
ods and is the engineering type, the second emphasizes com- 
mercial and financial methods and is the commerce type. 

As an historical fact the management courses given in con- 
nection with established engineering courses have emphasized 
such features as: selection, design, development and improve- 
ment of product ; selection of sites for industrial plants and the 
design and maintenance of factory buildings; selection, design, 
development and operation of methods for processing mate- 
rials for production ; management and direction of the human 
resources of industry. In contrast, the management courses 
given in the schools of commerce have had as their foundations 
the science of economics and have emphasized functions of 
distribution of product, including market analysis or investiga- 
tion into need and use of products; utilization of the machin- 
ery of business such as banking, transportation, credit, risk 
bearing ; social regulation of business such as business law, con- 
tracts, labor legislation, regulation of public utilities; general 
administration of the activities of an industrial or business 
enterprise. Both types of courses seemingly have one point in 
common, the endeavor to fit students for positions of executive 
responsibility. 

From this point on this paper will deal only with courses of 
engineering origin given in engineering educational institu- 
tions. The general term Industrial Engineering will be ap- 
plied to this type although, as will be shown, these courses 
differ widely in characteristics as given in various institutions. 
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THREE GROUPS OF INDUSTRIAL ENGINEERING COURSES. 


A study of industrial engineering courses indicates that they 
divide into three principal groups: 

(a) Industrial engineering courses, codrdinate with older 
courses in mechanical, electrical, civil and chemical 
engineering. 

(b) Engineering courses, such as mechanical, civil, electrical 
or chemical engineering, containing as options certain 
industrial engineering subjects. 

(c) Industrial engineering courses having certain options in 
mechanical, civil, electrical or chemical engineering. 


In studying the make-up of these courses and the published 
statements in regard to them, as given in the catalogs and 
elsewhere, there seems to be evidence of a lack of: 


(a) Common defined objective and plan. 
(6) Balanced appeal to the student. 
(c) Reasonable uniformity of qualifications of the graduate. 


I quite appreciate that no such thing as a complete uniform- 
ity in regard to these factors is either possible or desirable. 
Any particular course must be adapted to the student body of 
its institution, must be fitted to the needs of the territory 
which its graduates naturally enter, and must be developed 
within what other limitations of funds, equipment and sur- 
roundings may exist. I recognize also that industrial leaders, 
where they have been appealed to, have given a confusion of 
counsel in regard to these courses and, going a step further, I 
believe that advice from this source is of little value because of 
the specialized point of view which the average industrialist is 
certain to take. 

However, I do believe that the extreme divergence in ob- 
jective, plan and promise of such courses has resulted in a re- 
grettable loss of influence. At this moment we lack any vigor- 
ous, progressive, promotional force for industrial engineering 
such as existed during the lifetime of Dr. Frederick W. Taylor, 
and even during the years of the war. Today the only influ- 
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ence of this kind is that which is centering around the pro- 
gram for the elimination of waste in industry, which has the 
support, on the one hand, of the United States Department of 
Commerce, and the United States Chamber of Commerce, and, 
on the other, of certain engineering societies and the personnel 
of a few progressive industrial concerns, 

It is possible that one reason for this situation is the lack of 
uniformity in what the colleges term industrial engineering. 

Whether this is true or not, one result of this non-uniform- 
ity is a confusion of mind on the part of an employer as to 
what these courses are, what they offer, and the value to him of 
graduates therefrom. He wonders at the kind of goods offered 
under so many brands. He has a pretty clear idea of the con- 
tent of a mechanical, civil, or electrical engineering course, and 
knows what qualifications to expect from a graduate of one of 
them. But the term ‘‘industrial engineering’’ conveys no 
corresponding concept. 

In the minds of some students there seems to be the belief 
that such courses are ‘‘snaps,’’ that they are easier than the 
older engineering courses, and through some semi-magic will 
open the door immediately upon graduation to a white collar 
job with little to do and high pay. In student banter a 
youngster taking the industrial engineering course has more 
than once said to one of his fellows in one of the older engi- 
neering courses: ‘‘Just wait, you'll be working for me and 
taking my orders.’’ 

To secure fact matter in regard to these courses, I have ven- 
tured to draw information largely from catalogs even though 
an engineer friend of mine who once was a professor gave this 
warning : 


Descriptions and representations of courses and subjects in 
engineering college catalogs are usually inadequate to give the 
student an idea of what the course will mean to him, and often 
are misleading because of changes and wrong weighting as to 
informative and training value. 
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NAMES OF COURSES. 


The variety of names applied to courses referred to here 
as industrial engineering is surprising, to put it mildly, and 
must tend to confusion of ideas. In the group which com- 
prises options in regular engineering courses are: 


Mechanical Engineering—Industrial Engineering Option, 
Mechanical Engineering with Business Option, 

Civil Engineering with Business Option, 

Electrical Engineering with Commercial Option. 


In eourses which are codrdinate with older or technical en- 
gineering courses are: 


Industrial Engineering, 
Engineering Administration, 
Administrative Engineering. 

In courses which have technical engineering options are: 
Engineering Administration—Civil Engineering Option, 
Engineering Administration—Mechanical and Electrical En- 

gineering Option, 
Engineering Administration—Chemical Engineering Option. 

Other terms which have some standing are: 


Industrial Administration, 
Manufacturing Engineering, 
Management Engineering, 
Engineering Management. 


Imagine the feeling of an employer interviewing a group of 
young graduates for an open position, if he should ask each 
about his engineering education and receive these replies: 
1st Candidate, 


‘*T was graduated from the Course in Administrative Engi- 
neering.”’ 
2d Candidate, 


‘**T was graduated from the Course in Engineering Adminis- 
tration—Mechanical and Electrical Engineering Option.’’ 
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3d Candidate, 


‘*T was graduated from the Course in Mechanical Engineer- 
ing with Business Option.’’ 


4th Candidate, 

‘*T was graduated from the Course in Industrial Engineer- 
ing.”’ 
5th Candidate, 


‘*T was graduated from the Course in Mechanical Engineer- 
ing—Industrial Engineering Option.’’ 


It probably matters little what name might be unanimously 
agreed upon, but it is reasonable to believe that uniformity 
would tend to clarify in the minds of employers the idea of 
what these courses are and offer. 


DerGrees CONFERRED. 


There is a similar lack of uniformity in degrees conferred. 
In addition to the usual degrees for the older or technical 
courses having an industrial engineering option, these others 
are conferred : 


Bachelor of Science in Industrial Engineering, 

Industrial Engineer (conferred at the end of at least one 
year of satisfactory practice subsequent to graduation, 
and the submission of a satisfactory thesis), 

Bachelor of Science in Administrative Engineering, 

Master of Science in Industrial Engineering, 

Bachelor of Science in Engineering Administration. 


ContTENT OF COURSES. 


A few years ago Professor Collins P. Bliss made a compara- 
tive analysis of seven industrial engineering courses, from 
which the following table has been derived.* 


* Management Engineering, July 1921, page 43. 
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TABLE I. 


MINIMUM, MAXIMUM AND AVERAGE NuMBER oF Hours Devorep ro INDI- 
VIDUAL SUBJECTS IN SEVEN INDUSTRIAL ENGINEERING COURSES. 
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Minimum..... 180 | 60] 135 | 495 | 120] 75] 70| 132 0; 60 
Maximum..... 330 | 270 | 690 | 870 | 444 | 210 | 460 /1,050) 210 | 180 
Average ...... 245 | 214 | 438 | 665 | 260 | 148 | 175 | 415) 124 | 142 



































This table reveals a wide spread—a ratio of 1 to 2 between the 
minimum and maximum in the case of mathematics, and 1 to 
8 in the case of production, with marketing entirely lacking in 
three instances. This divergence may, on the one hand, be 
influenced by special conditions surrounding the institutions 
where the several courses are given and on the other, may be 
taken as indicating a lack of common plan. 


Co6PERATION WITH INDUSTRY. 


One feature which has strongly developed in many of these 
courses is some form of codperation with industry whereby the 
time of the student is divided between classroom and workshop 
or field. This feature may be taken as evidence of the earnest 
attempt of those who have developed them to prepare their 
graduates to fit into positions in industrial and business life. 

As the students in Industrial Engineering Courses are being 
prepared for positions of responsibility where they must deal 
with and direct the work of others, the codperative system has 
decided advantages. It permits the student to meet human 
nature on the job, and adapt himself to conditions which he 
will inevitably meet after graduation. 

Professor Joseph W. Roe, summing up the experience of 
employers with codperative courses said : 

The manufacturers who have codperated in this work are 
strongly in favor of it. Few have dropped it. Most of them 


say the work of boys pays for itself, and it opens up to the 
manufacturers an invaluable source for obtaining executives 
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and engineers—a much more reliable one than any other, as 
these boys stick when engaged. They are already known to 
the superintendents and foremen, have been thoroughly tried 
out, and at graduation have already had a considerable prac- 
tical experience in the manufacturer’s own particular busi- 
ness. 

METHODs OF TEACHING. 


In methods of teaching also there are striking contrasts. 
In some cases business subjects are taught in the engineering 
school either by members of the engineering school staff or by 
men from the business school group. In other cases the stu- 
dents are transferred from the engineering to the business 
school for a part of their instruction. In many cases outside 
lecturers are used, particularly as regards the more profes- 
sional parts of the field covered. 

There is a lack of textbooks, particularly the more special- 
ized subjects. Those available contain much purely descrip- 
tive or informative matter, with too little codification and 
classification of essentials. 

Here and there emphasis is being placed upon so-called 
experiential or case material, that is, upon the kind of mate- 
rial which has been used to great advantage in schools of medi- 
cine and law. This development is highly commendable and 
of great promise. It is worthy of note that the codperative 
feature offers this kind of material at first hand and on the 
job. 


STATEMENTS OF OBJECTIVES OF INDUSTRIAL ENGINEERING 
CoursEs. 


Most college catalogs are silent in regard to the purpose of 
their industrial engineering course. A few do present this 
essential and the following quotations, given without credit, to 
keep this discussion impersonal, are from such sources. 


Modern Industry is largely based upon Engineering. There 
is an increasing demand in manufacturing plants, railroad or- 
ganizations and Public Service utilities for men who are well 


* Management Engineering, May 1922, p. 274. 
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trained, not only in Engineering, but who are also familiar 
with the principles of Business Organization and Administra- 
tion. 

To meet this demand the University, beginning in Septem- 
ber, 7924, will offer Engineering courses in which a consider- 
able portion of the student’s time will be devoted to the study 
of the fundamental principles of modern Industrial Organiza- 
tions, including courses in Accounting, Marketing, Labor Man- 
agement, Transportation, etc. 

Such courses will be offered by the Department of Civil 
Engineering and Mechanical Engineering. Fundamental En- 
gineering subjects taught in these courses will be substantially 
the same as now given in the regular technical courses, but 
certain technical subjects will be replaced by subjects dealing 
with Industrial Organization. 

A similar course in Electrical Engineering will be given. 

The regular Engineering courses heretofore given will con- 
tinue unchanged as in the past. The new combined courses do 
not replace the regular Engineering Courses but will be given 
simultaneously with them. The regular Engineering courses 
and the engineering courses with Business Option will be con- 
sidered as two options of the individual courses. For exam- 
ple in Mechanical Engineering there will be a regular technical 
course in Mechanical Engineering and the course in Mechan- 
ical Engineering with Business Option. 


Until recently the field of the mechanical engineer was a 
comparatively narrow one, comprising little more than the 
design, construction, and operation of machinery. As indus- 
try has developed, however, many technically trained men 
have entered the fields of manufacturing, selling, and adminis- 
tration. This is a natural and increasing tendency, since in- 
dustrial development rests mainly upon a scientific basis. 
There are few lines of human activity today that are not con- 
nected in some way with applied science, and this is particu- 
larly true of those lines known by the general term of engi- 
neering. 

The success of the engineer in times past in meeting these 
commercial requirements, for which he had received no special 
training, was probably due to the method of attack character- 
istic of the engineer and to superior knowledge of the tech- 
nical side of the work. But the commercial demands upon the 
engineer are now becoming so great that special training is 
necessary to equip him more completely for this larger field. 
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This becomes more evident when it is considered that a large 
number of the graduates of mechanical engineering colleges 
go into the commercial side of engineering. 

Therefore, in addition to training in the fundamental prin- 
ciples of engineering, every student in the regular courses in 
the School of Mechanical Engineering has some work in indus- 
trial organization and administration before he is graduated ; 
but in the Department of Industrial Engineering a more com- 
plete provision is made in the senior year for those who wish 
to specialize in manufacturing or the commercial side of engi- 
neering. 

The work of the department begins in the junior year, when 
all students in the School take a course of instruction in the 
basie principles of industrial organization. An optional 
group of studies is offered in the senior year for those who wish 
to specialize somewhat in this line of work. This option con- 
sists of the engineering subjects required in all senior options; 
special courses of lectures and drawing room work in plant or- 
ganization and arrangement, cost finding, industrial history 
and related subjects. 


The courses in Engineering Administration is designed for 
students who wish to combine a knowledge of engineering 
principles with business studies. This is the youngest course 
in the Institute and its organization was due to a recognition 
of the fact that many of the students do not, after graduation, 
follow an engineering or technical profession, but are drafted 
into commercial or managerial positions in industry. 

There is a great need for technically trained executives. A 
survey of the activities of graduates shows that a large num- 
ber of engineers have today become administrators and execu- 
tives of industrial, public service, and similar business enter- 
prises. This indicates that in many men technical aptitude 
and inclination are associated with commercial aptitude, natu- 
ral ability for leadership, personal force, and other recognized 
qualities of the administrator. But while modern industry is 
calling with increasing frequency for the special managerial 
ability that comes from habits of thought developed by train- 
ing in the field of engineering, there is also a constantly in- 
creasing appreciation of the importance of definite technique 
in business administration. 

The older courses are chiefly concerned with the physical 
and natural sciences and their application. They contribute 
to the discovery and use of new forms of wealth and new meth- 
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ods of production. But with this increase in productive 
power new problems in the conduct of business have arisen. 
The internal organization of both large and small business 
establishments has become more complex, often unwieldy and 
inefficient. Production has outrun efficient administration. 
Some colleges have recognized these new problems and have 
established departments of business education; but in only a 
few institutions has there been an attempt to combine a train- 
ing in business economics with engineering instruction. 

In 1913 a committee of the Alumni Council made a survey of 
instruction given in American colleges in business administra- 
tion, commerce, finance, and kindred subjects. As a result of 
this investigation it was recommended that ‘‘a new course be 
established whose aim shall be to furnish a broad foundation 
for ultimate administrative positions in commerce and in- 
dustry by combining with a general engineering training in- 
struction in business methods, business economics, and busi- 
ness law.’’ In accordance with this report the faculty, at the 
request of the corporation, established the course in Engineer- 
ing Administration, graduating its first class in 1917. 


The object of this course is to prepare for those executive 
and managerial positions which require a knowledge of engi- 
neering principles and methods. The course is not intended 
for students who expect to become professional engineers in 
the field of design and construction, or for those who expect to 
fill executive positions in which a knowledge of engineering is 
required equivalent to that ordinarily gained in any one of the 
other engineering courses. | 

The curriculum has been planned in accordance with the 
following principles: 

1. That the course shall follow the same general plan as the 
other engineering courses as to general studies and electives. 

2. That the course shall include the same fundamental sci- 
ences included in the other engineering courses, but that in 
some subjects, such as Mathematics and Physics, the work shall 
be somewhat less extensive. 

3. That the course shall include training in fundamental 
engineering subjects, such as Engineering Drawing, Engineer- 
ing Mechanics, and Strength of Materials. 

4. That courses in all other engineering subjects shall be 
planned to prepare men for executive positions rather than 
for work in design and construction. 

5. That more time be devoted to subjects relating to busi- 
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ness than can be given to such subjects in the other engineer- 
ing courses. 

6. That in common with all Engineering students, those who 
elect the course in Administrative Engineering shall be re- 
quired to spend at least four weeks of each summer vacation in 
summer work. 


The course in Industrial Engineering prepares the student 
to enter industrial organizations in positions leading to super- 
intendence, purchasing, selling, scientific management and in- 
dustrial business administration. It prepares a graduate for 
the competent handling of such subjects as departmental man- 
agement in factories, determination of costs, depreciation, 
manufacturing statistics, proper distribution of expense, eco- 
nomic production, systems of remunerating labor and raising 
labor efficiency, the handling and recording of stores, stock 
and orders, sales, purchasing, planning production and pro- 
duction methods, corporation accounting, and allied work, 
leading ultimately to superintendence, works management, and 
general management. 


Engineering includes the science not only of utilizing the 
forces and materials of nature, but also of organizing and di- 
recting human efforts to that end. This second phase is 
known as industrial engineering, engineering administration, 
administrative engineering, or engineering management— 
names covering the same general field. The name ‘“‘industrial 
engineering’’ was adopted as being the one in most general 
use. Executives whose work involves both administrative and 
technical functions far outnumber those who are in purely 
technical work. The industrial engineering course aims to 
prepare students for executive work. 

The course has, in general, a mechanical engineering back- 
ground with a thorough grounding in sciences, mathematics, 
mechanics, ete., but in the upper years emphasizes applied 
economics, production control, and business methods. 

The industrial engineering course is offered on the codperat- 
ive basis. Codperative work is of particular value in indus- 
trial engineering. Whatever technical qualifications an in- 
dustrial executive may have, his essential value lies in his 
capacity to work with and direct men and to codrdinate their 
efforts toward some common purpose. This involves a knowl- 
edge of human nature and of operating conditions; such 
knowledge can be acquired best under the working conditions 
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in actual industry. The practical work gives meaning to the 
college studies in production control and in business methods. 
In the last year of the course considerable latitude is allowed 
in choice of studies in both the Colleges of Engineering and 
the School of Commerce. These, together with the thesis re- 
search, may be made to bear directly upon the work being 
done in industry or chosen after graduation. 

The industrial engineering course does not attempt to fit 
students so that they can fill higher executive positions at once. 
Its graduates must start with other young men in the lower 
ranks and work their way up on the basis of proved merit. 
The course does, however, help toward more rapid develop- 
ment in the executive field. 


Summary or OBJECTIVES. 
In these six statements the following objectives are stated: 


**To furnish a broad foundation for ultimate administrative 
positions in commerce and industry.’’ 

To satisfy an ‘‘increasing demand in manufacturing plants, 
railroad organization and public service utilities for men who 
are well trained not only in engineering, but who are also 
familiar with principles of business organization and adminis- 
tration.’’ 

To prepare ‘‘for those executive and managerial positions 
which require a knowledge of engineering principles and meth- 
ods.’’ 

To train men for ‘‘the fields of manufacturing, selling and 
administration. ’’ 

To prepare ‘‘the student to enter industrial organizations 
in positions leading to superintendence, purchasing, selling, 
scientific management and industrial business administra- 
tion.’’ 

‘‘The industrial engineering course aims to prepare stu- 
dents for executive work.’’ 

These objectives indicate the purpose in one direction to 
train executives for industry or for industry and commerce, 
and in another to train specialists for the fields of manufactur- 
ing, selling and administration. It is probable that there is 
little difference in these points of view. 
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Nowhere in these stated objectives do we find, as regards 
the student, the thoughts: 


Of developing ability to reason in regard to operating affairs 
of industry, 

Of liberalizing and broadening interests and abilities and 
thereby increasing usefulness, 

Of inculeating proved methods for dealing with men and 
women in industry, 

Of establishing a right personal attitude toward industry, 
those who work therein, and the public. 


Further, these statements, with one exception, are not 
abreast of the definition of engineering which expresses the 
thought of the profession today: ‘‘ Engineering is the science 
of controlling the forces and utilizing the materials of nature 
for the benefit of man, and the art of organizing and directing 
human activities in connection therewith.’’* The twentieth 
century addition to the definition of 100 years ago is in the 
words, ‘‘and the art of organizing and directing human ac- 
tivities in connection therewith.’’ 

The great need in industry to-day is for men capable of 
dealing with operation in the broad. The genius of design- 
ing and constructing engineers has created modern industry, 
with all its processes, equipment and specialized knowledge. 
Upon its orderly and effective operation depends our well- 
being, our standard of living, even present-day civilization 
itself. 

To assume such operation leaders must be developed having 
vision, technical knowledge and administrative ability. Of 
these three qualifications no one can say which is most essen- 
tial. I venture, therefore, to suggest, ‘‘Preparation for In- 
dustrial Leadership’’ as the outstanding objective of an in- 
dustrial engineering course. 

The qualifications for leadership are so exacting and rigor- 
ous that the Industrial Engineering Course should be the 
stiffest and most severe given in any engineering school. The 


* Preamble of Constitution of American Engineering Council. 
16 
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young men admitted into it should be only those who possess 
the best physical, mental and character endowments. 


DISCUSSION. 


W. F. Rittman: The lack of standardization in the pres- 
ent-day courses of Industrial Engineering, Commercial Engi- 
neering, Administrative Engineering, and the various other 
names given the courses, is but natural. Other engineering 
courses in their early days had much the same experience. 
This reason, however, is not a sufficient justification for the 
continuance of present conditions. 

In the first place practically all of us who are to-day teach- 
ing and helping to guide these courses, did not graduate or 
study Industrial Engineering as such, but instead we are 
mechanical, civil or some other old line engineer with a 
worldly acquisition of our knowledge of Industrial Engineer- 
ing. Too many of us have too narrow a concept of this new 
field. Too many of us are limiting the work or rather its 
aims to a part of our old line engineering. Industrial Engi- 
neering is far broader than Production Engineering, and most 
of the courses in Industrial Engineering to-day are Produc- 
tion Courses. Industrial Engineering, as its name implies, 
should aim to apply the principles of Engineering to Indus- 
trial problems. Industry in its broad sense covers Produc- 
tion, Distribution and Finance, and it is the writers belief 
that a well balanced course in Industrial Engineering, or 
whatever other label is given it, should train men to enter the 
fields of Production, Distribution and Finance of Industry. 
The big problems of to-day have to do with Distribution. 
The thing which costs a dollar to produce, costs three dollars 
to distribute. Why not apply engineering methods to the 
problems of Distribution fully as much as to the problems of 
Production. The field of engineering education will find 
real competition from the Schools of Commerce, who will 
adopt whatever of our engineering studies they need, but will 
control the field of education. This is very evident from the 
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keen interest shown in this field of education at every meet- 
ing of the American Economic Association. 

In another paper being presented by Professor Beese of 
Penn State, he very rightly makes a plea for the extension 
of education in Industrial Management to fields other than 
Factory Production. With the decline in the number of 
power plants, giving way to the large superpower plants, the 
field of mechanical engineering must change from large num- 
bers of power plant engineers to other fields. Why may they 
not concentrate on these production problems to replace the 
loss in number of power plant men required. The future 
course in Industrial Engineering, must recognize Distribu- 
tion, Accounting, and Finance as of an importance compar- 
able with Production. This view point need not imply that 
the mathematics, physics, mechanics and chemistry are cut 
down in the curriculum. The situation requires something 
other than merely making partial changes in a civil, mechani- 
eal or chemical engineering course, and labeling it Industrial 
Engineering. 

H. M. Gano: I am happy to see a discussion of this na- 


' ture on the subject. It is my opinion that, like all work in 


engineering, the development of industrial engineering 
courses must necessarily come about rather slowly, and 
through the codperation of the various engineers interested 
therein. It is also my belief that in the long run there can 
be no compromise in these courses. They must either be dis- 
tinetly of the engineering type or distinctly of the commercial 
type, and in the latter case not entitled to the term engineer- 
ing. 

The desirable end can best be obtained apparently by a 
course which will include all of the fundamental engineering 
subjects in full detail, the latter portion of the course to in- 
clude applicatory subjects along both mechanical engineer- 
ing lines and industrial subjects. 

I am inclined to believe that a five-year course will be neces- 
sary for the proper presentation of the required matter, and 
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there is no doubt in my mind but that the codperative method 
offers by far the best schéme for the development of indus- 
trial engineers. Primarily, however, a graduate in such a 
course must be an engineer; secondarily, his engineering edu- 
cation and training should be such as to particularly fit him 
for practice in industry. 


EXTENSION OF EDUCATION IN ENGINEERING 
MANAGEMENT TO FIELDS OTHER THAN 
FACTORY PRODUCTION. 


BY C. W. BEESE, 


Pennsylvania State College. 


Some of the first thoughts concerning the subject which 
forms the title for this paper came after an interview with a 
small group of civil engineering students who came for in- 
formation concerning their possible electives. They explained 
that they were interested in civil engineering, had chosen their 
course with open minds and had no regrets for their decision. 
Their perplexity lay in their lack of interest in following the 
purely technical side of their profession, and their belief that 
a wise choice of some elective work might round out their col- 
lege training in other directions. 

They were interested primarily in the doing rather than the 
planning of work. They realized that success rested largely 
with the organization and handling of the personnel with 
which they were to work and that further study of purely 
technical subjects would hardly prepare them for this. In 
short, they wanted to know what work was available for civil 
engineering students that would hasten their progress in an 
engineering organization doing civil engineering work. 

It is regrettable that we had to confess to them that there 
was not a single course given by our department of Industrial 
Engineering which was suited to their needs. We admitted 
that we had recognized the demand for instruction in the 
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principles of management, but that the entire development of 
the work given by our department had been along those lines 
which had showed the greatest development in industry. All 
of our work dealt with various phases of manufacturing and 
was most suitable for students with fundamental training in 
mechanical or electrical engineering. 


NATURAL DEVELOPMENT OF PRESENT SITUATION IN TEACHING 
MANAGEMENT IN ENGINEERING COLLEGES. 


Our position at the Pennsylvania State College is not a 
peculiar one, but is typical of the present status of the teach- 
ing of management in other engineering schools over the 
country. Comparatively speaking, instruction in this work 
is very recent indeed, especially when we contrast it with that 
given in civil and mechanical engineering. Our own depart- 
ment, the earliest, was not started until 1908. All of us have 
done little beyond follow the leaders of industry and present 
their work as illustrative of the principles of management in 
so far as we are sure of these principles as such. 

Since this is the case, it is not surprising that we find our- 
selves covering such a narrow field. When we look over the 
list of the pioneers in the management field, we find that 
Frederick W. Taylor, H. L. Gantt and most of their succes- 
sors have been engaged in manufacturing. Most of their re- 
search and investigation have been done within manufactur- 
ing plants. It is true, however, that the principles which they 
developed have been stated in very general terms, and that 
many of these principles are widely applicable to kinds of work 
other than those which formed the bases of their evolution. 


PoPpuLaR MISCONCEPTION THAT MANAGEMENT IS RESTRICTED 
TO PRODUCTION. 


Students of management in college, but more particularly in 
industry, have been misled by the fact that our general con- 
clusions concerning management have been profusely and 
solely illustrated by examples of but one kind. All our meth- 
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ods of handling material, of material accounting, our incentive 
wage systems, and our cost accounting are thought of instantly 
in connection with production. "With most of us, it is natural 
to illustrate a point concerning time study with a job on a 
drill press or a milling machine. Even the magazines of 
management which bear titles of the broadest character rarely 
publish articles outside a rather narrow field. In fact the ex- 
tension of some phase of material control or cost accounting to 
some industry other than that of metal working, is usually 
sufficiently unique to warrant the expenditure of space for its 
description. 

It is not strange that engineering schools have been reluctant 
to teach scientific management in fields far from those in which 
the science of management as we know it has been developed. 
Such a course is justifiable only if we base our excuse for so 
doing upon the naturally slow development of new lines of 
instruction, in financial considerations that so frequently af- 
fect the healthy growth of our courses, or upon some other 
legitimate reason. It is becoming increasingly difficult to dis- 
regard the recognition of the importance of management in 
other fields than those of production. 


ENGINEERING TEACHERS AccEPT FIELD oF MANAGEMENT AS 
WIDER THAN PRODUCTION. 


We as engineers hardly believe that development of im- 
proved management methods has been limited to those fields 
of engineering activity in which we have had most frequent 
illustrations. There can be no less definite common sense con- 
siderations which form the basis of an organization engaged in 
the construction of a large bridge or a railroad than of an 
organization of similar size that is turning out tractors or 
furniture. It is true, however, that those considerations in 
the first case are certainly less well known. Costs of a subway 
excavation are of as vital importance as those in a foundry, 
but we find much less frequent and exhaustive treatment of 
the former than of the latter. We can hardly assume that 
cost records are seldom kept on excavation or construction 
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work. It must necessarily follow that we have been slower to 
analyze and standardize cost accounting in such applications 
to where we can begin to teach it with the same certainty we 
feel when applying it to manufacturing. 

Our hesitancy in teaching management of other than manu- 
facturing enterprises has not, then, been due to the lack of any- 
thing to teach. Management, good management, is just as 
noticeable in one field of engineering as in another. Good 
management, wherever found, is necessarily based on sound 
policies and efficient executive control and should be as teach- 
able in one field of engineering as in another. Wherein then, 
lie the reasons for the development of our teaching in a man- 
ner that has placed it so out of balance? 


REASONS FOR PRESENT SITUATION. 


Probably, one of the strongest reasons is the fact that there 
has hardly been a start made toward codifying accepted meth- 
ods of management in any field other than production to such 
an extent as to make them easily teachable. Information con- 
cerning accepted practices exists, but is not available in a 
form that is easily accessible. Individuals, singly or in rela- 
tively small groups, possess it but it is not as freely exchanged 
as among those engaged in manufacturing. It is not so fre- 
quently put into written form for criticism, correction and 
improvement. A glance through the catalogs of the leading 
publishers of technical books or an inspection of the technical 
magazines devoted to civil and mining engineering tend to sup- 
port this view. 


Our RESPONSIBILITY AS TEACHERS. 


Do we need then, some more Frederick W. Taylors in other 
branches of engineering to analyze and summarize our man- 
agement experience to such a point that we can venture to 
pass it on in the class room? Such a point of view is not 
typical of the progressive attitude with which our engineering 
schools and their faculties are meeting their problems. Why 
wait until industry leads us by so wide a margin? If the in- 
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formation which we want exists, is it not part of our job to 
get it, pass it on, and through our own efforts assist others to 
sift the good from the bad? 


DEMAND FOR MANAGEMENT TRAINING FROM INDUSTRY 
AND STUDENTS. 


We so frequently hear of the increasing demand for leaders 
in activities of an engineering character. It is becoming more 
and more important to expect this personnel to have a training 
that was exceptional not so long ago. Many of these execu- 
tives must have a background of technical engineering aug- 
mented by training that will enable them to codrdinate the ac- 
tivities of their organization into a smoothly operating unit. 
Industry is looking to the colleges to furnish almost all of the 
former kind of training and while previously the second kind 
of training was thought to be the result of experience alone, a 
growing feeling exists that the colleges may well furnish much 
of the second kind also. 

Not only do we find a demand on the part of industry for 
men with the beginnings of training for future administrators, 
but we find a marked eagerness on the part of young men to 
take up this kind of work. There are a great many college 
students who are interested in and have the mental qualifica- 
tions for an engineering training but who are not of the type 
that is best suited for a career of design, research, or other 
phases of pure engineering. These men are coming to know 
that there are a great many positions calling for technical men 
in which they can find more suitable outlets for their ability, 
and they are beginning to expect some training along these 
lines while in college. 

The large percentage of engineering graduates who go into 
this kind of work is illustrated by the figures compiled by Dean 
R. L. Sackett from the results of a questionnaire, which he 
recently sent out from the Pennsylvania State College. His 
summary shows that while twenty-one per cent. of the replies 
came from those engaged in design, research and testing, sixty- 
eight per cent. came from those who were in sales, construction 
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or operation, or in work which was largely administrative. 
Dean Sackett’s figures are supported by the results of an in- 
vestigation by the Naitional Industrial Conference Board 
which shows that in six major industries, the metal trades, 
paper and pulp, textile, rubber, electrical and chemical in- 
dustries, less than 40 per cent. of the technically trained col- 
lege men hold strictly technical positions, and a similar pro- 
portion may be said to hold true in industry as a whole. That 
is to say, a great majority of all technical college men in in- 
dustry are in general supervisory positions, or at least engaged 
in work in which a knowledge of general business practices, of 
human relations and labor problems, the art of handling men, 
is of importance entirely aside of technical knowledge. A 
great many schools are recognizing this state of affairs and 
have established or are planning to establish courses in In- 
dustrial Engineering, or in General Engineering which gives 
the undergraduate opportunity to elect many studies of a 
business nature. 


How Far Can WE Go Into MANAGEMENT IN OvuR STANDARD 
ENGINEERING COURSES. 


If we recognize that there is a demand from industry for 
engineers for positions that are more or less non-technical, and 
that many young men are fitted by temperament and inclina- 
tion to get into this kind of work, what can we do to fulfil our 
responsibility in this connection? We as teachers of engi- 
neering are pretty thoroughly agreed that any plan worthy of 
serious consideration should include a thorough training in 
engineering. The phrase ‘‘training in the fundamentals of 
engineering’’ inevitably pictures to us the impossibility of 
superficial instruction in those subjects which determine 
whether a course is really engineering. When we speak of 
‘Engineering Administration,’’ we like to put a decided em- 
phasis on the first word. 

Our present engineering curricula are built up with the 
purpose of specializing the student to some degree at least in 
a particular phase of engineering. Since we are insisting on 
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a thorough engineering training, it is likely that this same de- 
gree of specialization will mark the limit of any work given in 
management. 

Our available time during the four years of an engineering 
course has been and always will be pretty short for all of the 
work that we would like to cover in that time, and any work 
that we give in management will probably be limited to under- 
lying fundamental principles. But since the future career of 
our engineering students may be worked out in such wide fields 
of activity, instruction in the fundamentals of management, 
which are more or less common to all types of engineering 
enterprises, is as far as we ean efficiently go. 


GENERAL APPLICATION OF PRINCIPLES OF MANAGEMENT TO 
Fietps OTHER THAN PRODUCTION. 


In general, these include the problems which demand solu- 
tion, first, in building up an organization with its policies and 
personnel, and second, in the executive supervision of the 
operation of the enterprise in line with the policies laid down. 
So far most of us have been treating these problems from but 
one point of view. We have been teaching our industrial en- 
gineers typical factory organizations and they have become 
familiar with the functions to be performed and the interrela- 
tion between departments in a production enterprise. They 
can outline logical lines of authority and fix definite responsi- 
bility for the performance of the necessary functions having 
due regard at the same time for the characteristics of the per- 
sonnel that is available. 

There is no inherent reason why these fundamentals of man- 
agement cannot be taught to other engineers as well. The 
organization of railroads, street railways, electric power com- 
panies, and other public utilities, is no less important to those 
engineers engaged in that kind of work. A knowledge of the 
division of labor as illustrated in the grouping of functions 
under the several executives is valuable when such knowledge 
is general among the members of the organization. It is much 
more valuable if this familiarity with their own organization 
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is backed up with a general knowledge of typical organizations 
which will enable them to make a more valuable analysis of 
their own situation. To most mechanical or electrical engi- 
neers engaged in power plant operation, a knowledge of the 
type of organization with which they are connected would 
probably be of more value to them than advanced courses in 
thermodynamics or alternating current theory. 


ENGINEERING CHARACTER AND RELATION OF DETAILS OF 
MANAGEMENT. 


Any conclusions we may draw regarding the above are even 
more nearly true when we consider the more tangible phases of 
management. These latter phases are the ones with which the 
young engineer is brought into contact sooner in his career 
and of which he can make more immediate and noticeable use. 
As soon as he has progressed to the point where he is super- 
vising the work of others, he is confronted with the need of 
organizing his work in a systematic and orderly manner. This 
will involve the establishment of a methodical procedure for 
the handling of all operating details and the reduction to 
routine of all occurrences which happen frequently or expect- 
edly. The young engineer can never grow in responsibility 
or value to his organization as long as he neglects to make the 
routine of his job so automatic in its operation that a part of 
his time is left for the handling of constructive work and the 
unusual occurrences which cannot be planned in advance. 

The adoption of any kind of a systematic procedure re- 
quires him to draw up the necessary rules and regulations in 
order to standardize and perpetuate his system. If he has 
planned his work in the best manner possible, much of the 
value of his plan lies in its permanence. A frequently and 
carelessly changed system loses its systematic character. 
Standard practice regulations which accomplish their purpose 
easily, that is, surely but with a minimum of friction among 
the members of an organization, have certain well defined 
characteristics which may be taught early to the engineer. 

The delegation of work to others does not relieve the execu- 

















248 CONFERENCE ON INDUSTRIAL ENGINEERING. 


tive of the responsibility for its performance. It is necessary 
for him to keep constantly in touch with both his superiors 
and subordinates through reports, almost invariably in written 
form. Technical engineering reports may deal with the pos- 
sibility and advisability of some proposed course of action. 
Reports of progress on a job of construction or concerning 
the adherence to a manufacturing schedule may vary from the 
insertion of figures in a form to the writing of an original 
statement. When to require reports and what information it 
is proper to include in them are matters for engineering con- 
sideration. Perhaps how to present the information that is 
required is a matter more closely allied to engineering than 
some think. The attention which our society is paying to this 
subject is because too often the training in writing which is 
given to our engineering students takes the form of an original 
poem or a description of the birds singing in the spring time. 

Financial statements which form the basis of the determina- 
tion of the well-being of a business have too largely in the past 
been mysterious matters to most engineers. In very few engi- 
neering curricula is accounting among the required subjects 
though financial considerations are among those most preém- 
inent in determining the feasibility of an engineering enter- 
prise. The time allowance is never going to permit us to give 
training in more than the principles of accounting, but in 
many cases we have been giving too little attention to the in- 
struction which our engineers have been getting. 

Our instruction in principles is valuable only if we are able 
to apply them and most engineering students as well as other 
kinds need to have the application made clear. Newton’s laws 
if taught only in the abstract, would mean little and the solu- 
tion of problems through their application would seldom ap- 
pear obvious to the student engineer. The theory of debits 
and credits forms an underlying foundation for accounting no 
matter what the business, but the student who is thinking in 
terms of production, or construction, or operation has diffi- 
culty in making a working tool of accounting when its prac- 
tical features are illustrated almost without exception by the 
transaction of a mercantile business. 
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Cost accounting furnishes the criterion by which we can 
judge the operating efficiency of the various details of a busi- 
ness. Combined with the general accounting it enables the 
engineering administrator to measure the effect of each operat- 
ing unit on the enterprise as a whole. Cost accounting en- 
ables the executive to put his finger on the financial leaks while 
general accounting may merely indicate the presence of leaks 
if they are of noticeable size. A yardstick of efficiency is of 
vital importance and curricula of Industrial Engineering 
have long included well developed courses in cost accounting. 
But the mere fact that these courses are well developed has 
made them so highly specialized in production costs that they 
are of no value to the student who is interested in any other 
branch of engineering. 


WHI PRINCIPLES ARE TAUGHT—APPLICATIONS MUST BE 
SPECIALIZED. 

It is unlikely that the solution of the problem lies in the 
presentation of management in a manner so general as to fit 
one type of engineer as well as another. There is seldom time 
for succeeding courses to round out the work into usable in- 
formation. Teaching must be confined to that of principles, 
but the application of these must be made plain at the time to 
the students at hand. These students are primarily engineers 
and are interested in management as applied to engineer- 
ing situations. Also they are engineers of a particular type 
and the applications that appeal to the mechanical are of lit- 
tle interest to the civil. Since the management is so secondary 
to the engineering and hangs so dependently on it, it will have 
to be handled by engineers in an engineering manner, the first 
of whom will have to blaze the way by virtue of his own 
engineering experience. 


DIFFICULTIES IN EXTENSION OF THE FIELD OF TEACHING 
MANAGEMENT. 

These thoughts are presented with a full realization of the 

difficulties in the path of the instructor who endeavors to meet 

this demand from industry on the one hand and from the stu- 
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dent engineer on the other. The outstanding figures in man- 
agement have made a path through only one field of engineer- 
ing and the pioneers in any other direction have much mis- 
sionary work to do. There are few texts that are suitable, as 
has been pointed out in connection with accounting, for few 
of them give the most elementary presentation of principles in 
a manner which makes their application obvious to an engi- 
neering situation. Cost accounting, personnel administration, 
wage incentives and management in general have been de- 
veloped largely from the standpoint of the office or factory. 

As has been mentioned, even our magazines which we have 
come to look upon as the source of our most up-to-the-minute 
material, fail us when we get outside the field of production. 
Few of those that are best known in the fields of civil engineer- 
ing have printed much material other than that pertaining to 
the technical side of the profession. 

Whenever we begin to talk about new work we are faced by 
the fact that we can no longer look on it as additional work. 
We must always consider simultaneously the problem of what 
to omit and how much of it. But this problem does not pre- 
sent greater difficulties than those which seem to have been 
overcome in our courses of industrial engineering. Those in- 
dustrial engineering courses which are truly engineering are 
primarily mechanical with the emphasis during the last one or 
two years on production rather than on design or heat power. 

We are just at the beginning of the expansion of the teach- 
ing of management beyond the field of production, but this 
does not mean that nothing has been done in this direction. 
Here and there are instructors who are endeavoring to pass on 
to their students the benefits of their own experience. In our 
own department, we are offering a course in cost accounting to 
the chemical engineers. Basically, it is the same as our other 
courses in cost accounting, but its application is entirely to 
the industries with which the chemists are most familiar. It 
was offered not because we felt that it would be a fine thing if 
the chemists had an opportunity to study cost accounting, but 
because they insisted that they needed this work. The same 
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situation has arisen in connection with the students in dairy- 
ing who are studying the manufacture of dairy products. 

It is none too early to expand our management program to 
make it more generally available to students of all branches of 
engineering. Our teaching material is in existence, there is a 
demand on the part of students for the work and a demand on 
the part of industry for our product. It is for us to see the 
opportunity and to meet it. 


Discussion. 


Hugo Diemer: Those who have studied and applied man- 
agement science and management philosophy for a consider- 
able period of time and in a wide range of varying fields, find 
constant inspiration and satisfaction in the beautiful way in 
which that science and philosophy adapt themselves in the ap- 
plication of principles to the most diverse activities and under- 
takings. 

The man who has thoroughly mastered the principles under- 
lying industrial and production procedure in such matters as 
investigation, standardization, planning, preparation, schedul- 
ing, dispatching, inspection, organization, selection, placement, 
training, compensation of personnel, and other management 
factors, often has the surprise of his life when, through acci- 
dent or changed conditions, he is confronted by problems in an 
entirely new field, and falling back on the management prin- 
ciples he has learned in the production field, realizes how 
splendidly they fit into the new activity. 

Sometimes this activity may be merchandising; sometimes 
one of finance ; sometimes a problem of distribution ; sometimes 
a problem of office administration; sometimes activities of a 
club, or professional or trade association, or even a church 
problem. 

Those who enjoy membership in the Taylor Society, Society 
of Industrial Engineers, or American Management Associa- 
tion, have no doubt experienced frequent confirmation of the 
foregoing statement in the exchange of experiences with other 
members. 

Each of the principles listed can be developed for presenta- 
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tion through problems and cases as applied to the work of the 
structural engineer, the hydraulic sanitary engineer, the chem- 
ical engineer, or any other type of engineer. 

When it comes to the matter of teaching executive, adminis- 
trative, and leadership factors in specialized fields of engi- 
neering or business, we are at present limited to the selection 
of one of the following methods. 

The first method would be to have lectures given by the Dean 
of an engineering college, the head of the department, and 
successful practitioners. 

The second method would be to have a faculty member who 
is thoroughly conversant with management science and philos- 
ophy, prepare a course adapted in its cases, presentation, and 
problems, to each specialized field. 

The third alternative, which would probably be the most 
satisfactory under present conditions, would be to combine the 
foregoing two methods, namely, having lectures given by 
deans, department heads, and successful practitioners; then 
interspersing these lectures by an analysis of the content mat- 
ter of those lectures by the faculty member versed in manage- 
ment science with a view to determining what fundamental 
management principles and factors had been brought out con- 
sciously or unconsciously by the speakers. 

Frequently these speakers are rediscovering and re-using 
principles and factors which have already been given a posi- 
tion and place in the general science and philosophy of man- 
agement by those who have made management a study. Yet 
the enthusiasm with which they present this factor and the 
clarity with which they discuss its application are all helpful 
in giving the student a more thorough comprehension. 

Practically every engineering college conducts a series of 
lectures such as I have indicated. Most of these lectures are 
uncoérdinated. We could take a great step forward if we had 
these talks analyzed as I have indicated, by a faculty member 
thoroughly versed in the science and philosophy of manage- 
ment and who would discuss with the students the result of his 
analysis of these lectures as made from the standpoint of or- 
ganized management science and principles. 








